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PREFACE 


The wide appreciation of my “A Text-Book of Higher Secondary 
‘Chemistry’ given by the teachers and the students alike has en- 
-couraged me to bring out this edition. Although the book has 
~ bĉen revised and enlarged strictly in accordance with the syllabus 
prescribed by West Bengal Council for Higher Secondary Education, 
the subject-matter has been so thoroughly and lucidly represented b 
that it will also be helpful to the higher secondary students 
of other Indian Boards and Universities. The book consists of 
two volumes, The present volume (volume I) covers paper I of the 
syllabus. 

Chemistry is still primarily an experimental science and students 
should be taught how the experimental data are interpreted properly. 
Yet it is the theory which provides the connective link for the 
experimental facts. In this book, every effort has been made to 
show how the experimental data are related to theory. Instead of 
purely descriptive approach, the analytical approach which consists 
mainly of describing experimental facts and describing how these 
are properly interpreted, is emphasised. It will greatly aid the 
«students to extrapolate and generalise rather than just memorise. 

The subject-matter of the book has been presented systematically 
and lucidly using simple and clear language, Details of preparative 
.and manufacturing processes have been incorporated in various 
chapters devoted to descriptive chemistry. The diagrams have been 
drawn in a lucid style so that students may easily understand how 
the various phenomena are experimented. A wealth of problems 
have been provided so that no separate book on problems should be 
necessary. A large number of problems have been worked out with 
a view to clarify the applications of the principles. The solving 
of the problems by students is of great importance because there is 
no better test of the learning of the principles than that afforded 
by the necessity of applying them. The answer to each problem has 
been given. 

At the end of each chapter, there is a number of questions of all 
types. This would ensure a thorough revision of the subject-matter 
dearnt in each chapter. 


[ vi ] 


‘It is my sincere belief that the book will be very useful to the: 
students. I shall highly appreciate suggestions and criticisms 


which might improve the book. I shall be grateful if my attention 
is drawn to any errors which may have escaped my notice, 
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Crystallisation, fractional crystallisation, water of crystalli- 
sation and its determination. Colloids and dialysis. 
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GROUP—A 
(General and Physical Chemistry) 


CHAPTER I 
INTRODUCTION 


1.1. Space, Matter and Energy. In our daily life, we come in 
contact with numerous objects—buildings, vehicles, rocks, sands, 
glass, chalk, milk, rice, wheat, animals and human beings, The 
objects differ from each other in size, colour, shape and other pro- 
perties (characteristics). These characteristics of objects can be 
perceived by one or more of our senses such as touch, hearing, sight, 
smell and taste. We can recognise by our senses that the objects 
occupy acertain amount of room which is called space. We also 
recognise that the two objects cannot occupy the same space at the 
same time. When an object is removed, we feel that an emptiness 
is left. The emptiness that remains when an object is removed is 
called space. Therefore, one of the most useful purposes of space 
is that it can be occupied by objects. 

Each of these objects is said to be composed of matter and each 
differs from the other ina number of ways. But all objects have 
some weight and occupy some space. Then we may think matter as 
anything that occupies space and has weight. Matter should not to 
be conceived as something in a state of rest ; something unchanging 
in reference to position, form and state. It is continually under 
going change. The basic cause for this change is assigned to some- 
thing which is called energy. Energy is generally defined as the 
ability to do work (i.e., the ability to change or move matter). 

1.2. Kinds of matter. Matter exists in an almost infinite 
variety—it ranges from the lightest gas to the heaviest metal, 
dynamic living thing like man to lifeless rocks and minerals, The 
chemist is primarily interested in the study of the nature of this 
vast variety of matter. Any kind of matter may be referred to as 
material. Thus wood is material, sugar is another material. A 
material may be homogeneous or heterogeneous. 

A homogeneous material is a material every part of which is 
identical with every other parts. A few examples of homogeneous 
materials are sugar, iron and water. 


4 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


A material which is characterised by the dissimilarity of their 
parts, i.e., every part of which is not similar with every other parts, 
is said to be heterogeneous. Some examples of heterogeneous 
materials are soil, milk, eggs and fruits. 

A heterogeneous material is called a mixture. Thus a mixture 
of two or more homogeneous materials constitute a heterogeneous 
material. For example, the rock *'granite" is a heterogeneous 
material. This rock is made up ofthree homogeneous materials, 
quartz, mica and feldspar. 

1.3. Substances. A substance is a homogeneous material that 
has fixed composition and fixed properties. It possesses constant 
physical properties under specific conditions, Examples of subs- 
tances are iron, water, sulphur, sugar and salt. 

A solution is also a homogeneous material but it has no fixed 
composition and fixed properties. Thus when sugar is dissolved 
in a given amount of water, we get a solution. The amount of sugar 
present in the solution can be varied. Thus the solution is not of 
definite composition and hence it is not a substance. 

14. The properties of substances. The characteristics that 
describe a substance and permit its distinction from other substances 
are called its properties. For example, an examination on the 
substance, sugar reveals that it is a solid, that it is crystalline and 
colourless, tastes sweet, and dissolves readily in water. Each of 
these is a property of sugar and aids in its identification. Proper- 
ties are classified usually under two main headings—physical and 
chemical, 

Physical properties. The physical properties are those charac- 
teristics of the substances which can be detected by physical senses. 
These properties can be observed without changing the substance 
into other substances. 

Thus colour of a substance iseasily detectable by our physical 
sense, viz., vision. So colouris a physical property of a substance: 
Similarly, odour, taste, hardness, melting point, boiling point, 
transparency, lustre and. crystalline structure are some of the physi- 
cal properties. 

_ The malleability of a substance—the ease with which the subs- 
tance can be hammered out into thin sheets isalso the physical 
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property. The ductility—the ease with which the substance is drawn 
into wire is another physical property of a substance. 

The physical property is further divided into two classes— 
(i) The intensive physical propertyand (ii) extensive physical 
property. 

The intensive or specific physical properties are those which are 
inherent ina substance and are exhibited by all specimens of it. 
These properties of a substance make its identification and distinc- 
tions from other substances. Melting point, boiling point, crystalline 
structure are some examples of intensive physical property. 

The extensive physical properties are those physical characteris- 
tics which are not exhibited by all specimens of a given substance, 
These properties depend upon the quantity. of material present in 
a particular specimen. For example, volume is an extensive 
property. All specimens of water will mot occupy the same 
volume. This will depend upon the quantity of water present in a 
particular specimen, Size, shape and weight are other examples of 
extensive physical properties. It may be noted that the ratio of two 
extensive properties, mass to volume, is itself a specific property, 
i.e., density. 

It can be said safely that there are not two different substances 
in the universe which have completely identical properties. Indeed 
if such were the case they could not be distinguished from each other 
and would be considered to be the same substance. 

The chemical properties. Substances may also be characterised 
by other class of properties known as the chemical properties, 
These involve the transformation from one substance to another 
known asthe chemical change. Thus, when a piece of iron is left 
to moist air it rusts, while gold does not. Thus a new substance, 
rust is obtained from another substance, iron. The process is 
described by saying that iron reacts with moist air to form a new 
substance, rust. One may distinguish gold from iron in terms of 
their reaction with moist air. 

Similarly, if carbon is burned in oxygen, a new substance, carbon 
dioxide is formed, Thus carbon has entered into a chemical reaction 
with oxygen in which it is converted into a new substance, carbon 
dioxide. 
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The processes that convert substances into other substances are 
known as chemical reactions. 

Chemical properties may be defined as the properties of a subs- 
tance that relate to its participation in chemical reactions. 

Occasionally, the physical properties alone do not suffice to 
establish beyond reasonable doubt the identity of a given substance. 
‘In such cases the chemical properties may confirm the identification. 
It may be noted here that the primary business of the chemists is the 
accurate establishment of the chemical properties of the substance, 

1.5. Conditions. In addition to physical and chemical pro- 
perties, there are certain physical attributes which a given sample 
ofmatter may possess. Leta quantity of a gas be enclosed ina 
vesselfitted with piston. Whenthe pressure on the piston is P, 
(fig. 1.1) the gas occupies the volume V, ; when the pressure is 
increased from P; to P, the piston is lowered and the gas occupies 

a lesser volume V,. 


Thus increasing or de- 

R creasing the pressure, we 
P can decrease or increase 

T the volume of the gas. 

M cr Thus pressure is an attri- 

p v bute and is called condi- 


tion. Again water is 
liquid at 30'C but at 
0°C it exists as solids, Thus certain properties of water is depen- 
dent on temperature. Hence temperature is a condition under 
which a given quantity of water exists. One must specify the con- 
dition that below a certain temperature water exists as solid. 
Dilution, motion and electrical charge are other examples of 
conditions. 

Conditions are the variable attributes which are not concerned 
with the quantity and not inherent in the substance under consi- 
deration but havea marked influence upon some properties, So it 


is necessary to describe those properties as having been determined 
under certain conditions, 


Fig. 1.1 


1.6. Pure substances. Substances are never found pure in 
nature. The concept “pure substance” is an idealisation ; all actual 
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substances are more or less impure. Thus the substance water has 
its own properties, but spring water, sea water and distilled water. 
show certain differences in their properties. These differences are 
due tothe presence of other substances called impurities which 
water has dissolved from its surroundings. These impurities which 
are present in sea water are sodium chloride, magnesium chloride, 
etc. Hence sea water is a mixture. When any one substance 
predominates in a mixture, the whole mixture is called by its name 
and the other constituents are called impurities. If the impurities 
are present in very small amount, then the properties of the various 
specimens of the substance are nearly the same and these properties 
are accepted as the properties of the ideal substance. 


1.7. Changes of substances. It has been pointed out that the 
substances are continually undergoing change. Two kinds of 
changes are recognised. These are the physical changes and the 
chemical changes. 

Physical changes. When liquid water is cooled, it becomes ice 
and when it is heated, it is converted into steam. With this change 
of condition there have been a few changes in the physical proper- 
ties of water. This change in condition again does not bring about 
the formation ofa new substance because the matter which makes 
steam and ice is the same in kind as that of liquid water. When 
alead bullet, fired from a riffle, hits a stone, it grows so hot that 
the lead melts and becomes a liquid. In this case, the composition 
of initial and final substance is the same, i.e., no new substance is 
formed. Again, the substances may change their volume by expan- 
sion or contraction, they may change their magnetic qualities, as a 
piece of soft iron in contact with a magnet, attracts other pieces of 
iron, Such changes are known as physical changes, Such a change 
brings about a temporary alteration of a few of the physical proper- 
ties of the substance. The substance regains their original property 
when the original conditions are re-established. 

A physical change -is a change which cause an alteration in the 
properties of a substance without the formation of a new substance. 

Chemical changes. When lead is heated for a long time in 
presence of air, lead is converted into lead oxide (litharge). When 
magnesium metal is heated in air, a white powder is formed. In 
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both the cases the action of heat furnishes forms of matter with very 
different specific properties from those forms of matter employed at 
the start, In other words, in all these changes new substance or 
substances are produced from the initial substance. 

Again, if some zinc granules are placed in a container of hydro- 
chloric acid, bubbles of gas are evolved. Ifthe granules are kept 
in acid for some time, the evolution of gas will continue, the granu- 
les will decrease in size or disappear altogether. Evaporation of 
the liquid will yield white crystals, while the evaporation of pure 
acid used leaves no residue. Apparently, therefore, the matter of 
which zine granules are composed has disappeared while the matter 
of which the white crystals are composed has appeared in its place. 
The properties of the two substances, the zinc granules and white 
crystals are entirely different. Thus zinc granules have been con- 
verted into the new substance, white crystals. 

The above examples illustrating the conversion of one substance 
into other are the examples of chemical changes. 

A chemical change is a change which results in a permanent altera- 
tion in the properties of a substance with the formation of one or more 
new substances. 

Phenomena which bring about a radical change of substances 
in which new substances are produced from the initial ones are 
known as chemical phenomena or chemical reactions, or simply 
reactions. The substances which enter into a reaction are called 
reactants while the substances which are formed asa result of the 
reaction are called products. 

1.8. Energy changes in chemical reactions. Chemical reac- 
tions are invariably accompanied by energy changes. Energy is 
defined as the capacity to perform work. We recognise energy in 
many different forms such as kinetic energy, potential energy, 
electrical energy, heat energy, etc, Most often, the energy changes 
that accompany chemical reactions involve the liberation or 
absorption of heat. Some reactions can occur with the evolution 


of light. 


Exothermic reactions. Chemical reactions in which heat is 
liberated are called exothermic reactions. When a compound is 
formed from simple substances with evolution of heat, it is called an 
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exothermic compound. For example, carbon dioxide is formed 
from its elements, carbon and oxygen with evolution of heat. Hence, 
carbon dioxide is an exothermic compound, Other examples of ex- 
othermic compounds are water, hydrochloric acid, etc. 


Endothermie reactions. Chemical reactions in which heat is 
absorbed are called endothermic reactions. Compounds which are 
formed from simple substances with the absorption of heat are called 
endothermic compounds. For example, when vapours of sulphur are 
passed over red-hot charcoal, the compounds, carbon disulphide 
CS,, is formed. This reaction is accompanied by the absorption of 
heat. Hence, carbon disulphide is an endothermic compound. 
Other examples of endothermic compounds are nitric oxide, hydrio- 
dic acid, etc, 

Since heat is evolved in an exothermic reaction, these reactions will be 
favoured at low temperatures. The energy contained in anexothermic com- 
pound is less in comparison with simple substances from which they are formed. 
Hence, the exothermic reactions tend to occur more readily and the products 
are more stable than the reactants. Endothermic reactions, on the other hand, 
will be favoured at high temperatures since heat must be supplied for the 
absorption by the endothermic compound, Naturally, endothermic compounds 
contain more energy in comparison with simple substances from which they are 
formed. Hence, the products of endothermic reaction will be less stable than 


the reactants. 
Any reaction that is exothermic when it occurs in one direction, is 
endothermic when it takes place in the reverse direction. 


For example, when the reaction between hydrogen and iodine 
proceeds in the forward direction { from left to right of the equation 
which means the combination of hydrogen and iodine }, 

H, +1,=22HJ 
absorption of heat takes place. When this reaction takes place in 
the reverse direction { from right to left which means the decom- 
position of hydriodic acid, 2HISGH,+I,}, evolution of heat takes 
place. 

Energy and its classification. Energy was defined earlier as the capacity 
for doing work. All chemical changes are accompanied by energy changes. 
Heat, light and electrícal energy are common types of energy involved. These 
energy changes indicate that both reactants and products in a chemical reaction 
must contain energy. Internal energy is defined as the quantity of energy 
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that a substance possesses as a result of its characteristic chemic.1 composition 
and temperature, 


Kinetic energy is the energy which a substance has because of its motion. The 
quantity of the kinetic energy possessed by a given substance is dependent upom 
both the mass and the velocity of the substance and is given by the formula : 

K, E=} mv? 
where m is the mass of the substance and v is the velocity. 
Potential energy is the energy due to position. A stone raised above 


the surface of the earth possesses potential energy. In falling, it can do 
work, 


1.9. Law of conservation of energy. It has been established 
by careful investigations that energy can be neither created nor 
destroyed. In any physical or chemical change, energy is conserved. 
However, energy may be converted from one kind to another. 
Whenever energy of one kind disappears, an equivalent amount of 
energy of other kinds is produced. This principle is called the law 
of conservation of energy. 

A rock resting on a precipice has potential energy. Ifit falls over the edge, 
its potential energy is changed into the kinetic energy. During its fall, its poten- 
tial energy at any point has decreased by an amount just equalto its gain in 
Kineticenergy. Ifthe rock is raised to its original position, its initial value of 
potential energy will be restored, 

When a piece of iron is pounded with a hammer, it becomes hot; in this 
process the kinetic energy is converted into the thermal energy. When electricity 
is passed through a filament into a light bulb, we get light and the bulb becomes 
heated, In this process, the electrical energy is converted into light and thermal 
energy. In all these changes, energy has been neither created nor destroyed but 
merely changed from one form into another. 

Whether a chemical change will occur spontaneously, can be 
interpreted from the viewpoint of energy. Suppose you havea 
stone in your hand and let it go. It falls onthe ground. The 
stone at a higher level possesses more potential energy than does 
the stone on the ground. In the process of falling, the stone, there- 
fore, goes from the state of higher energy to the state of lower 
energy. The occurrence of any spontaneous change is a manifesta- 
tion of the tendency of all chemical substances to exist in the lowest 
possible energy state. There isa relationship between this tendency 
and stability of chemical substances. The condition of lowest 
energy corresponds to the state of greatest stability. The higher is 
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the energy of a substance in a particular state, less stable the 
Substance is in that state. 

With this viewpoint we can predict the direction in which a 
chemical reaction will proceed. This will depend on whether the 
“reactants” or “products” exist in a state of lower energy. If the 
reactants exist in a state of higher energy, a chemical reaction will 
proceed spontaneously to form products. The products of such. 
reactions (exothermic) are more stable than the reactants. On 
the other hand, if the reactants exist in a state of lower energy, the 
reaction will not proceed spontaneously. Energy (i.e., heat) must 
be supplied to the reactants in order to make the reaction occur. 
Since energy is absorbed during the occurrence of such reactions 
(endothermic ), the products are ina state of higher energy than 
the reactants, Hence, the products of such a reaction ( endo- 
thermic ) are less stable than the original reactants. 


For example, we can speculate the direction in which the 
chemical reaction represented by A+B=AB will proceed. If the 
sum of internal energies of the substances A and B is higher ( they 
are in a state of higher energy ) than that of the product AB (the 
product is in a state of lower energy) the reaction will 
proceed spontaneously from left to right. Since in any chemical 
process, energy is neither created nor destroyed, heat will be evolved. 
in this reaction. The same amount of heat must be absorbed when 
the reaction proceeds in the reverse direction. An example is the 
burning of carbon 

C+0,=CO, 

This reaction liberates 94,040 calories of heat. For this reaction 
we can write : 

( internal energy of carbon -- internal energy of oxygen ) 

— (internal energy of carbon dioxide) — 94,040 cals. 

When this reaction proceeds from right to left, i.e., the decom- 
position of carbon dioxide into carbon and oxygen, 94,040 calories 
of heat will be absorbed. 

On the other hand, when sum of the internal energies of A and 
B is less than that of the product, the reaction will not proceed 
spontaneously from left to right ; heat must be supplied to cause the 
reaction. In this case, the product AB is in a state of higher energy 
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‘than the reactants. The reaction of carbon and sulphur to form 
carbon disulphide is an example. This reaction can be written as 
C+2S=CS, 

This reaction absorbs 25,400 calories of heat. Hence, carbon 
disulphide is in a state of higher energy than the reactants, carbon 
and sulphur. When this reaction proceeds in the reverse direction, 
i.e., the decomposition of carbon disulphide into carbon and S, 
exactly 25,400 calories of heat will be evolved according to the law 
-of conservation of energy. 

1.10. The Science of Chemistry. We are now ina position 
to understand what chemistry is. The science that treats 
of chemical phenomena is calied chemistry. Hence chemistry is 
the science of the transformation of substances. It studies the 
composition and properties of substances, the relation between the 
properties of substances and their composition, the conditions and 
ways of changing substances into one another, 

When changes in substances occur, there are accompanying 
energy changes, Thus heat energy is evolved when wood and coal 
change into gases and ashes. This heat energy is used in our home 
for cooking food and to provide power for industry. Hence 
chemistry cannot ignore the energy changes which occur in the 
changes of subtances. 

Finally, we may say that the science of chemistry is concerned 
principally with substance and energy. Summarisingly we can state 
that chemistry deals with : 

(i) The composition and properties of substance. For 
example, water is composed of hydrogen and oxygen. 
When liquid water is cooled, it is converted into ice. 
This is the property of the liquid water. 

(ii) The changes of substances into one another. The rusting 
of iron is an example. 

iii) The causes that bring about changes in substance. The 
presence of moisture in the air is the cause for rusting of 
iron, 

(iv) The energy changes that accompany the transformations 
of substances. Petrol burns with the liberation of vast 
amount of heat energy. 
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(v). The laws that govern the changes of the substances. 

Since the changes which substance will undergo are of primary 
importance to the chemists, the understanding of these changes 
in terms of submicroscopic particles of which substances are 
composed becomes very essential to the chemists. 


4.11 Division of Chemistry. Chemical changes are oftem 
accompanied by physical changes. Numerous chemical changes 
occur in the biological system. Continuous chemical changes 
take place in the organisms by a continuous exchange of 
substances between the organisms and its surroundings (metabolism). 
In order to study the numerous chemical changes conveniently, 
it is necessary to subdivide chemistry into different branches, The 
branches of chemistry are: (1) Physical chemistry, (2) Organic 
chemistry, (3) Inorganic chemistry, (4) Analytical chemistry, 
(5) Biochemistry and (6) Industrial chemistry. 

Physical Chemistry. Physical chemistry deals with the 
fundamental principles upon which all other phases of chemistry 
are based, So it is the investigation of laws and theories of 
the science of chemistry. The laws and theories then serve to 
explain the facts which we observe, Physical chemistry is also 
the search of knowledge of the fundamental structure of matter 
| and with the help of this knowledge, the transformations of 
| substances into one another are explained. In a sense, physical 

chemistry bridges the gap between physics and chemistry and is 
characterised by description in the language of mathematics. 


Analytical Chemistry. It deals with the separation, 
identification and composition of various kinds of matter. 
The analysis ofa particular sample of matter is of two kinds. 
The qualitative analysis provides method to find out what is 
present in a particular sample of matter. The quantitative 
analysis, on the other hand, provides methods to find out how much 
of each constituent is present. 

Analytical chemistry is the most important branch of chemistry. 
Without its help little could be accomplished in any branch of 
chemistry. 

Organic Chemistry. It is the chemistry of carbon 
compounds and mainly deals with the substances of plant and 
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animal origin, viz., fats, oils, proteins, carbohydrates, vitamins, etc. 
An important part of organic chemistry is that of synthesis. 
Synthesis is the process of forming complex compounds from 
relatively simple starting materials. 

Inorganie Chemistry. It mainly deals with the elements 
other than carbon and their compounds. Study of minerals, 
ores, radioactivity, metal, alloys, acid, bases, salts, etc., come 
under the scope of inorganic chemistry. 

Biochemistry. It bridges the gap between chemistry and 
biology and mainly deals with the chemical changes that take 
place in living organisms. The mechanisms by which living cells 
synthesize specific protein molecules which are processes basic to 
life are studied under this head. The study of antibiotics, vitamins, 
hormones, etc., come under the realm of biochemistry. 

The synthesis and study of medicines come under a specialised 
branch of Biochemistry known as Pharmaceutical chemistry. 


Industrial Chemistry. It is concerned with the application 
~ of chemistry to industry and deals with the development of 
chemical processes for the production of useful products on 
large scale. The manufacture of soaps, cement, paper, paint, 
varnishes, dyes, plastics, drugs, alloys, perfumes, rubber, fibres, 
oils, fats, sugar, explosives, and abrasives, etc., come under the 
realm of industrial chemistry. 

In addition to these branches of chemistry there are several other 
specialized branches of chemistry which are given special names 
such as agricultural chemistry, high polymer chemistry, physio- 
logical chemistry, mineral chemistry, photochemistry, radiation 
chemistry, electrochemistry, etc. As the study of the science of 
chemistry progresses, the connotations of these terms will become 
increasingly obvious. 

1.12. The Experiment. Chemistry is largely an experimental 
science. In chemistry, the study of any. phenomenon begins 
first of all with observation and description of the phenomenon. 
The next step is to explain the observed phenomenon. In order to 
explain them it is necessary to ascertain their causes, to establish 
under which conditions they occur in nature. For this purpose, 
various, phenomena are artificially reproduced in the laboratory 
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under conditions and in an environment which are most suitable 
for their study. The artificial reproduction of a phenomenon is 
known as an experiment. In nature, phenomena are often so masked 
by other conditions that they cannot be accurately observed unless 
the obscuring conditions are suppressed. By experiment it is 
possible to eliminate such complex disturbing and obscuring condi- 
tions so that a phenomenon is accurately studied. When the results 
of the study of phenomenon are recorded, they are called ‘‘data’’, 

Let us take an example. We know that water evaporates and is 
converted into steam. The steam, when cooled is again converted 
into liquid water. The raining is the cause of condensation of water 
vapours which are formed by evaporation of sca water. Thus eva- 
poration and condensation of water are very well known phenomena 
of nature. These phenomena may be artificially reproduced in the 
laboratory as follows : 

A flask containing water is fitted with a condenser through which 
cold water is made to circulate. The flask is then heated and the 
vapour formed passes through the condenser where it is cooled 
and converted into liquid water. This water is collected into another 
flask called the receiver. The operation as a whole is called an 
experiment, 


1413. The scientific method. The scientific method is a 
technique of investigation of phenomena of nature and is applicable 
in every field of science. The proper use of scientific method 
involves four distinct operations, The first step is the accumulation 
of data. These data may be obtained by the observation of both 
naturally occurring phenomena and carefully planned and executed 
experiments, The second step is the collation and grouping of data. 
From this grouping of data it is frequently possible to develop 
generalisations concerning some particular behaviour of nature 
under certain specified conditions. Such reasoning which leads to 
generalisations from the specific is called induction. In the third 
step, attempts are made to develop a suitable explanation of the 
described behaviour of the phenomena. The explanation which 
becomes compatible with all of the known data is accepted as the 
proper one. 

In the fourth step, it is often possible to predict what should be 
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the results: of certain experiments which has not yet been tried. 
This prediction is based on the considerations of the explanation 
developed in the third step, Therefore, by performing these experi- 
ments, it is possible to check the validity of the explanation offered 
in the third step. If the results of these experiments are not 
compatible with the predicted results, a new explanation must be 
evolved. In this step specific results are predicted from the general 
considerations. Such reasoning which is from general to the specific 
is called deduction. 

The correlation of data requires qualities of the mind different 
from those employed in observation and experiment. Both qualities 
are not always located in the same individual. So all the four steps 
are not necessarily taken by the same individual nor the steps are 
always taken immediately after each other. The facts may have 
been gathered by a talented experimentalist long before, but their 
interpretation may have had to await the advent of an individual 
particularly brilliant in the work of correlation. 


1.14. Laws, Hypotheses and Theories. 

Laws. When a large number of observations concerning some 
certain behaviour of nature have been made, it is necessary to sum- 
marise the findings in a general statement, Such a general statement 
which includes within itself a number of facts is called a law. The 
law isa generalisation which does notextend beyond the observed 
facts. A law is thus limited by the facts it describes. Thus Boyle's 
observations on gases (sce Boyle’s law) can be condensed into one 
brief sentence which describes how gases behave when their pressure 
ischanged. This brief sentence is known as Boyle's law. 

Such laws are the result of the application of the second step of 
the scientific method. 

Hypotheses. After the law has been established, the next concern 
is to find the causes of many phenomena occurring in nature. For 
this reason, scientists are compelled to make ideas or assumptions. 
Assumption put forth to explain a phenomenon, to establish its 
connection with other phenomena studied earlier, to unite several 
phenomena under common ideas is called a hypothesis. 

The development of the hypothesis is the third step of the scienti- 
fic method, 
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Theories. Ifthe conclusions which follow logically from the 
hypothesis are confirmed by experiment, if the hypothesis explains 
not only the phenomenon in question, but permits general conclu- 
sions and prediction of new phenomenon as well, the hypothesis is 
dignified by the name of the theory. If the deductions that are made 
from the hypothesis does not agree with the results of the experi- 
ments the hypothesis must be discarded. 

The Greek philosophers had developed the hypothesis that all 
matter is made up of tiny particles which they called atoms. They 
were not experimentalists and did nothing to test the validity of 
their proposal, yet all observations made later, confirm this idea. 
Today we call this “The Atomic theory". 

Theory explains the observed laws. Thus kinetic molecular 
theory explains Boyle's, Charles', Dalton's and other laws of gases. 


APPENDIX I 
Distinction between physical and chemical changes. 


Physical change Chemical change 


(1) Only physical properties of 


Both physical and chemical 


the substance are altered. 


(2) The composition of the sub- 
stance remains unaltered. 


(3) No new substance is formed. 


(4) Change is usually  tem- 
porary. 

(5) It is not usually accompa- 
nied by marked evolution 
or absorption of heat (except 
that the latent heat is absor- 


bed in the change of state). 


properties of the substance are 
altered. 

The composition of the subs- 
tance is altered giving new subs- 
tance. 

New substance or substances 
are always formed. 

Change is permanent. 


Itis always accompanied by 
either absorption or evolution of 
heat. 
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Physical change Chemical change 
(6) The substance regains its The substance cannot regain 


original property when the | its original property when the 
initial conditions are re- | initial conditions are re-esta- 
established. blished, i.e., the new substance. 
formed cannot be converted into 
the original substance by re- 
establishing the initial con- 


. ditions, 
(7) The weight of a substance The weight of the substance 
remains unaltered. usually alters when it is trans- 
formed into new substance or 
substances. 
Core BURA EK EERS 
EXERCISE 


1. Define the following: (a) matter, (b) homogeneous material, (c) hetero- 
geneous material & (d) substance. 

2. Distinguish between materials and substances, Which of the following 
varieties of matter are substances and which only materials ? 


meat gold bread silver 
potato water iron brass 
tomato granite calcite milk 
sugar wood table salt aluminium 


3. Define the following : (a) property, (b) physical property, (c) chemical 
property and (d) condition. 

4. Distinguish between "specific" and *'extensive" physical property ; 
“extensive physical property” and “condition”. Are colour, odour and 
taste specific physical properties ? 

5. Explain clearly what you understand by the physical and chemical changes, 
Give examples, 

6. Define chemical reaction, 

7. Which of the following 
changes, 

(a) Dissolving of Sugar into water, (b) rusting of iron, (c) corrosion 
of iron, (d) burning of candle, (e) burning of petroleum, (f) formation 
of snow, (g) heating of platinum wire, (h) compression of air. 

8. Define chemistry. How does Organic chemistry differ from inorganic 


Chemistry? What areas of knowledge are interlinked in (a) bio-chemistry 
and (b) physical chemistry. 


What do you mean by reactant and product. 
are physical changes and which are chemical 


10, 
1. 
"12, 


13, 
14, 
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What is meant by the “scientific method", Distinguish among “law”, 
"hypothesis" and theory’, Which of these is most likely to undergo 
modification ? Explain, 

Define “Experiment”, Describe an experimentation ofa phenomenon 
commonly observed in nature. 

What steps are involved in the application of the scientific method ? 
“Naturo speaks to us in a peculiar language, the language of phenomena ; 
she answers all the questions we ask her and these questions are oup 
experiments"'— Justify the statement, 

What do you mean by energy ? State the law of conservation of energy. 
Explain the law of conservation of energy. t 


CHAPTER Il 
THE COMPOSITION OF MATTER 


2.1. The chemical elements. Aswe look about us, we find 
many recognisably different kinds. of matter. The ancient Greek 
philosophers who knew far fewer types of matter than does modern 
man, came to the conclusion that all matter is made up of a rela- 
tively few simpler types just as different structures may be made 
from steel, bricks, and mortar. This basic idea of the composition 
of matter was sound and has been. substantiated fully by the work of 
many experimentalists, The extensive experimental work of many 
scientists has confirmed that there are fewer than one hundred 
different basic components of matter. These basic components are 
called the elements. Everything on this earth, e.g., sugar, salt, 
wood, man, etc, is composed only of one or more of these 
elementary substances and nothing else. 

Elements or elementary substances may be defined as those subs- 
tances which cannot be broken down into simpler chemical substances 
by chemical means. The inclusion of the term “by chemical means" 
into the definition is essential because there are certain elements 
which undergo changes spontaneously. Asa result of such sponta- 
neous change, new elements are formed from the parent element. 
At present, 98 ofthese simple and fundamental varieties of matter 
are known. Hundreds of thousands of materials arise from their 
interaction. 

2.2. Symbols. The chemist for the sake ofconvenience uses 
a shorthand system or symbols which stand for the names of the 
elements. The idea seems to have originated with the alchemists. 
Alchemists kept records oftheir work in private codes in order to 
prevent discovery by others of the secrets which they had deciphered. 
Because there was no general system of symbols, much confusion 
resulted when one chemist consulted the writings of the other. Some 
of the symbols used by alchemists are given in fig. 2.1. 

In 1811 the Swedish chemist Barzellius proposed the present 
; system of chemical notation. According to this notation, the first 
letter of the name of the element is used to represent it. Thus, H is 
the symbol for hydrogen; O for oxygen; C for carbon and N for 
nitrogen. When more than one element have the same initial letter, 
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the initial letter and another letter are used: Thus, calcium; carbon 
and chlorine have the same initial letter C but their symbols are 


Qu IE 


Gold Mercury. Silver Lead 
Fig. 2.1 

respectively Ca, C and Cl. The symbols of some chemical elements 
are derived from the latin name ofthe elements. For example, 
sodium is represented by Na (latin name is Natrium) silver by Ag 
(latin name—Argentum), Mercury by Hg (Latin name—Hydrar- 
gyrum), potassium by K (Lat—Kalium), copper by Cu (Lat—Cup- 

rum), Tin by Sn (Lat—Stannum), Iron by Fe (Lat—Ferrum), etc. 

By modern convention, a symbol stands not only for the name of 
the element but also for'one atom of the element or atomic weight 
of the element. Thus O not only stands for oxygen, but also repre- 
sents one atom of oxygen and also 16 parts by weight of oxygen. 
Similarly, C means one atom of carbon and 12 parts by weight of 
carbon. 

2.8. The distribution of the elements. It would be interesting 
to know how the different elementsare distributed throughout the 
earth and the universe. 

Of the 98 elements, only about twenty are found in nature inan 
uncombined condition, whereas the rest occurs in combined state. 
The elements are not distributed equally in nature. Table 2.1 lists 
the relative quantities of the ten most abundant elements in earth’s 
crust, in the seas and in the atmosphere. 

TABLE—2.1 


Element Per cent Element Per cen 


Oxygen Sodium ] 
Silicon 25.7 Potassium 24 
Aluminium 74 Magnesium 1.9 
Iron 47 Hydrogen 0.9 
Calcium 34 Titanium 0.6 
&€.BR T. To: 08: Of. 
Date 
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These ten elements account for almost 99% of the earth’s crust 
and atmosphere. The remaining elements may be considered as 
almost impurities, though exceedingly important ones. Thus, carbon, 
the element which is a constituent of most chemical compounds, a 
major source of earth’s fuel and the heart of living matter, does not 
appear among those most abundant elements. : 

Oxygen and silicon comprise more than three-quarters of the 


Iron 


s. 
ge- 
$t - 


T CO Still iron 


Atoms of iron 


fo 


At this stage further subdivision 
Would be much more difficult- 
me pacts ive subatomic parti- 
such as electron. 
obits e » proton, 


Fig. 2.2 


weight of the earth, whereas many 

useful elements such as carbon, copper, 

gold, lead, sulphur, tin, etc., together ' 
make up slightly more than 1% of 

the total. 


2.4. Atom. Since elements are 
the fundamental varieties of matter, 
and all materials arise from their 
interaction, we must have a clear un- 
derstanding about the nature of the 
element. Let us take a piece of an 
element, iron, for an example. If we 
would cut this into two, each part 
would still be iron. If we could 
thus go on subdividing it indefinitely, 
we would finally reach a point at 
which further subdivision would be 
much more difficult. After this point, 
if we further divide it by special 
methods, we would get no longer 
iron but instead, unstable particles 
known as subatomic particles. These 
particles are very difficult to charac- 
terise. In this way, if the piece of 
iron were separated into the smallest 
possible segments which are still iron, 
it would be found that all the segments 
are identical particles. These particles 


are the basic building blocks of iron and are called atoms of iron. 
An atom is the smallest "particle of an element which can enter f 
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into a chemical reaction. It is the fundamental unit of which the 
element is built. 

All the elements are composed of atoms. All the atoms of any 
one element are alike but they are different from the atoms of 
every other element. Chemical reactions occur when atoms of 
different kinds unite to form groups in which they bear definite 
relationships to each other. 


2.5. Atomic weights. Itcan be clearly understood from the 
previous discussion that the atoms of the elements are so’ small that 
they are invisible and that there is no possibility of weighing a 
single atom of elements and thus establishing a scale of atomic 
weights. However, chemists have evolved an extremely useful 
relative weight scale for the elements called the atomic weight 
scale. This isa set of numbers that expresses relative weights of 
different kinds of atoms. In order to do this, the weight of one 
atom of an element is taken as the standard and then the weight of 
one atom of other elements is determined relative to that of an 
atom of the standard element. Hence, 

Atomic weight of an element 

__Weight « of one atom of the element 
= Weight of one atom of the standard element? 
Thus the atomic weight isa ratio and has no unit. It does not 
give the actual weight of an atom of the element. 

Hydrogen is the lightest of the elements. For this reason, Dalton 
determined the atomic weight of the elements taking the weight of 
one atom of hydrogen as 1 (hydrogen scale). Therefore, on 
hydrogen scale the atomic weight is defined as : 

The atomic weight of an element is a number which shows how 
many times an atom of the element is heavier than one atom of 
hydrogen. Onthis scale one atom of hydrogen has a weight of 1 
unit. That is. 


_ Weight of one atom of the element 
- Weight of one atom of hydrogen ^ 
The atomic weight of nitrogen is 14, This means that one atom 
of nitrogen is 14 times as heavy as one atom of hydrogen. The 
atomic weight of chlorine is 35-5. It means that the weight of one 
atom of chlorine is 35:5 times the weight of one atom of hydrogen, 


Atomic weight of an element 
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Subsequently, oxygen was taken as the standard element instead 
of hydrogen. Taking the weight of one atom of oxygen as 16 
(oxygen scale) the atomic weights of other elements have been 
determined. Therefore, on oxygen scale the atomic weight of 
an element is defined as follows : 


The atomic weight of an element is the weight of one atom 
of the element as compared with the weight of one atom of oxygen 
taken to be 16. In other words, on this scale, the atomic weight 
of an element is a number which shows how many times the 
weight of one atom of the element is heavier than one sixteenth 
part of the weight of one atom of oxygen. Therefore, 

Weight of one atom of the element 
Weight of one atom of oxygen/16 
or, Atomic weight of an element 
— Weight « of one atom of the element 


Weight of one atom of oxygen 


On oxygen scale the atomic weight of sodium is 23. This means 
thatan atom of sodium is 23/16 times as heavy as an atom of 
oxygen. 


Atomic weight of an element = 


Reasons for acceptance of oxygen as a standard element. 
Oxygen is taken asa standard element for the following reasons. 
(1) oxygen is much more active than hydrogen. Oxygen can 
combine chemically with almost all the elements. (2) On O=16 
scale the atomic weights of the elements come to whole numbers or 
very near to whole numbers. (3) Hydrogen is the lightest of all 
elements. Hence the experimental error obtained during the 
determination of atomic weights of the elements taking hydrogen 
as the standard will be much reduced when oxygen is taken as a 
standard for comparison. 

From 1961, the atomic weights of the elements are determined 
taking carbon* as the standard element. On this new carbon 
earner et 

*Carbon is a solid element, It has three isotopes, viz.. gC'*, &C'*, and «C?*. 
Among them Cta is most abundant in nature. On C-12 scale, the atomic 
weights of highest number of elements come to whole numbers, For those 


Teasons, the atomic weights of the elements are determined taking the weight of 
One atom of carbon as 12, 
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scale, the atomic weights of the elements are found out by taking 
the weight of one atom of carbon as 12. The atomic weight of an 
element is the weight of one atom of the element as compared with 
the weight of one atom of carbon taken as 12. Hence on this scale 
the atomic weight of an element is a number which represents how 
many. times the weight of one atom of the element. is heavier 


than ü of the weight of one atom of carbon. Hence, 


; i Weight of one atom of:the element 
Atomic weight of aq element = Weight of one atom of carbon/12 
or, Atomic weight of an element 

_ Weight of one atom of the element | 15. 
Weight of one atom of carbon 
On this scale the atomic weight of phosphorus is 31. This means 
that one atom of phosphorus is 31/12 times as heavy as one atom 
of oxygen. On carbon scale the atomic weight of oxygen comes 
out to be 15999415 and the atomic weight of hydrogen is 10079. 
Hence the difference between the atomic weights of the elements on 
the carbon scale and that on the oxygen scale is insignificant 


The atomic weight of an element is not the actual or absolute 
weight of the element. It is onlya relative number, Therefore, 
we can know the relative weights of the elements from the numbers 
by which the atomic weights of the elements are expressed. For 
this reason, the atomic weight has no unit. 

The atomic weight of an element when expressed in gram is 
called gram-atomic weight. For example, 35:5 gm is the gram- 
atomic weight of chlorine, By one gram-atom of chlorine is meant 
35:5 gm of chlorine. The unit of gram-atomic weight is gram. 


2.6. The absolute weight of atoms. Although the relative 
weights of atoms are very useful, it is sometimes necessary to know 
the actual or absolute weight (usually in grams) ofa given kind of 
atom. This is done by resorting to an indirect approach to this 
problem, because we cannot weigh a single atom of the element. 
The method consists of finding out the number of oxygen atoms 
present in 16.0000 grams or the number of hydrogen atoms present 
in 1.008 grams. Thus, dividing the gram-atomic weights by the 
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number of atoms present in it, we get the absolute weight of a givem 
kind of atom. 

Fortunately, the number of atoms in the gram-atomic weight of 
any element has been measured by several quite independent 
methods. The most precise value comes out to be 6.023 x 10?5, 
This is known as the Avogadro's number, in honour of the Italian 
physicist Amadeo Avogadro and is usually represented by N. We 
can now calculate the absolute weight of an atom from the gram- 
atomic weights. 

; __Gram-atomic weight 

The absolute weight of an ECOSSE SS 

Thus one single atom of oxygen weighs 


16:0000. _ ive 
6.023 x 1028 = 2:696 x 10 28 gram. 


1.008 
6.023 x 1028 
=1.673 x 107?* gram. 


The absolute weight of the hydrogen atom= 


2.7. The number of atoms present in one gram-atom of am 
element. It has been mentioned earlier that the number of atoms 
present in one gram-atomic weight of the elements is the same. 
This can be proved in the following way : 


Let us suppose that, 
the atomic weight of an elementa 
the weight of one atom of the element=x gm. 
the weight of one atom of oxygen=y gm, 
Therefore, on oxygen Scale, 


the atomic weight of the element, a= X. - 
y/16 


a=" x 16 
y 


Now, the absolute weight of one atom of oxygen=y gm. 
The number of atoms of ogygen present in 16 gram of oxygen 


or one gram-atomic weight of oxygenz- 16 
y 


Again, the absolute weight of one atom of the element=x gram. 
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the number of atoms of the element present in a gram of 
the element or 1 gram-atomic weight of the element 


24 X*X16 16 f., a, >an] 
X-yxx y y 
a 16 
Fr 


Therefore, the number of atoms present in one gram-atom of 
anyelement—the number of atoms present in one gram-atom of 
oxygen. 

Hence the number of atoms present in one gram-atom of any 
element is the same. For example, the same number of atoms 
(6:023 x 10?* atoms) are present in 23 grams of sodium, 3555 grams 
of chlorine or 1:008 gram of hydrogen. If a is the atomic weight 
ofan element, then the number of gram-atoms (n) present in g 
grams of the element is given by 

n E Bram, 8, 
a gram" a 
Hence, the number of gram-atoms 
— Weight of the element in gram 
= Atomic weight of the element * 

Atomic mass unit (amu). The masses of atoms are expressed 
on atomic weight scale, i.e., on a scale on which the carbon atom 
has a weight of 12 units. Unit mass on this scale is referred to as 
atomic mass unit. 

Now the mass of any atom in grams is equal to its atomic weight 
divided by Avogadro number, Hence an atomic mass unit (amu) 


E 1 A 
is equivalent to O53, ions =! *6603 x 107?* gm. 


Mass of a carbon atom— 


TEIL dues 
6023x i07" 9" 


2» 16 
Mass of a oxygen atom. 4 x 1088 gm. 


1 p - 
eonxio7! 6603 x 10-*4 gm 


=} th of the mass of a carbon atom 


Hence, | amu= 


= hth of the mass of a oxygen atom. 
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Mass of a hydrogen atom 1-008 amu 
=1°008 x 1:6603 x 10724 gm 
=1°673 x 107?* gm. 
Similarly, the mass of a nitrogen atom=17 amu 
—17x1:6603x 107?* gm. 
=28:2251 x 107?* gm. 


2.8. Compounds and Molecules. The differences between 
elements and other substances can now be understood. All other 
Substances are made by the combination of different elements 
and by mixtures of such combinations. Such combinations in 
which the individual elements have lost their properties and 
entirely new properties appear, are called chemical compounds. 
Then the following are the differences between elements and 
compounds : 

(i) Elements consist of only one kind of atom, whereas com- 
pounds always contain two or more kinds of atom. 

(ii In chemical combination, the properties of the component 
elements have entirely disappeared and new properties characteristic 
of the compound appear. 

(iii) A compound can be decomposed into two or more simpler 
substances, whereas element does not undergo decomposition into 
substances simpler than the element, . 

(iv) When any element is freed from combination with other 
elements, it regains completely its original properties. 

Thus, the loss of property of the element incurred when it forms 
compound with other elements, does not actually signify the des- 
truction of the element. 

A compound may be defined asa substance which is formed 
as a result of chemical combination of two or more elements 
and consequently a compound can be broken down into two or more 
elements. 

From the above discussions itis now clear that atoms are the 
fundamental building blocks of the elements. Similarly, a 
compound is built up of smallest particles characteristic of 
that compound. These tiniest particles (or building blocks of 
compound) are called molecules. Thus, a molecule is a chemical 
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combination of two or more atoms, and is the smallest possible 
sample of the compound. If the molecule is broken down further, it 
is changed into atoms or smaller groups of atoms, having different 
properties. The molecules of a specific compound are identical in 
every respect, molecules of different compounds are different. Now 
we can define a molecule as : 

A molecule is the smallest particle of a substance (element or 
compound) which is capable of independent existence and possesses 
the chemical properties of that substance. A molecule of individual | 
elements may be formed as a result of combination of atoms of the 
same kind. For example, two atoms of hydrogen combine with 
each other to givea molecule of hydrogen. Similarly, molecules 
of oxygen, nitrogen and chlorine are composed of two atoms of 
oxygen, nitrogen and chlorine respectively. These are called 
diatomic molecules. Most of the elements exist as monatomic 
molecules, that is, à molecule consisting of one atom. A molecule 
of an element contains atoms of the same kind. A compound 
contains molecules which are composed of at least two different 
kinds of atoms. 

The above statement can be further clarified by illustrations. 
Sugar is a compound of carbon, oxygen and hydrogen. If we take a 
crystal of sugar and go on subdividing it into particles, the parti- 
cles become smaller and smaller untila size is reached, at which 
they consist of individual molecules of sugar. If the molecules 
are broken down further, the sugar is changed into separate atoms 
of carbon, hydrogen, and oxygen. ‘These elements have the entirely 
different properties than sugar. Thus, sugar molecule is the 
smallest particle of the compound, sugar and retains the chemical 
composition of sugar. 

The most common example of chemical compound is water 
which is composed of molecules of water. Each of these molecules 
contains two atoms of hydrogen and one atom of oxygen. This 
composition is invariable, whatever may be the source of water. 

. Water hasa set of properties entirely of its own. Hundreds of 
thousands of different compounds, each of which is of fixed 
composition are known. 

2.9. Analysis and Synthesis. The methods of analysis and. 
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synthesis enable one to determine the composition of mixtures, 
solutions and compounds. Analysis is a destructive process which 
brings about a separation of mixtures and solutions and decomposi- 
tion ofa compound into two or more simpler substances. The 
reverse process is the synthesis which isa process of building up a 
substance by combining two or more substances, The composition 
of a compound can be determined by analysis. Analysis is divided 
into a number of branches of which two are worth mentioning here : 
(i) Qualitative analysis and (ii) Quantitative analysis. 

Qualitative analysis is used to identify the components or cons- 
tituents of the mixtures or compounds. For example, a qualitative 
analysis of sodium chloride can be carried out by decomposing it 
with electric current and identifying the products as sodium and 
chlorine. Then we can say that the compound, sodium chloride is 
composed of two elements, sodium and chlorine. To carry out the 
quantitative analysis, we would haveto weigh the substance and 
could then learn that the compound contains 39.4% sodium and 
60.6% chlorine. 


2.10. Table of classification of matter. We can now summarise 
the classification of matter in the following chart : 


| 5 Meterials | 
i 


| l 


Heterogeneous: Hom Tuae 
| materials 


materials 
| 


(mixtures) 
SR Narn V aU 
Pure substances 


| 
i 


Solutions 
| (homogeneous 
Jj mixtures) 


| 
4 


| 
= [eia i] 
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2.11. Formulas. Molecules are composed of several atoms 
which may be of like or unlike nature. ` Just as symbols are used 
to represent atoms, formulas are used to represent molecules of both 
elements and compounds. For example, it is known on the basis 
of evidences that oxygen molecule consists of two atoms of oxygen. 
This is represented by writing the symbol for oxygen and appending 
the right subscript 2, thus O, is the formula of oxygen molecule. 
Most of the common gaseous elements such as hydrogen, nitrogen, 
chlorine, fluorine and bromine exist in the form of molecules having 
two atoms per molecule. These are, therefore, represented by H,, 
N,, Cl,, F, and Br, respectively. 

Compounds are represented by formulas which are made up of 
the symbols of the elements contained in the compounds. The 
subscripts are used to the right of the symbols to indicate how many 
atoms of that particular element are present, Thus the formula 
for hydrogen chloride which contains one atom of hydrogen and 
one atom of chlorine per molecule is HC] (the subscript 1 is not 
usually written in the formula). One molecule of water contains 
two atoms of hydrogen combined witha single atom of oxygen. 
A molecule of water is, therefore, represented by the formula H,O. 
A molecule of hydrogen peroxide, on the other hand, contains two 
atoms of hydrogen and two atoms of oxygen. Hence it is repre- 
sented by the formula H,O,. 


Sometimes, parentheses are used to indicate how the atoms are 
grouped together inthe molecule. The subscripts are placed: to 
the right of the parentheses. Thus, the formula of magnesium 
hydroxide is written as Mg (OH), which consists of one magnesium 
atom, two oxygen atoms and two hydrogen atoms. In some com- 
pounds, number may appear in front ofa group of symbols, For 
example, the formula of Glauber's salt is Na,SO,, 7H,O which 
consists of seven molecules of water (fourteen hydrogen atoms and 
Seven oxygen atoms), two atoms of sodium, one atom of sulphur 
and four atoms of oxygen. The combination of symbols and subs- 
cripts which represents the composition of a molecule is called a 
chemical formula. 

-—- Ordinary cane sugar chemically known as sucrose is a much more 
complicated compound than those just mentioned. The formula 
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of sucrose is C,,H,,0,,. This formula tells us that each molecule 
of sucrose contains 12 atoms of carbon, 22 atoms of hydrogen and 
11 atoms of oxygen. The same formula of sucrose can be expressed 
asH,,C,,0,, or O11Cy2Hes or €C,,0,,H,,. All such formulas 
represent the same thing and give the same information. But 
conventionally, sucrose is represented by that formula which is 
given first. 

2.12. Molecular weights and significance of chemical formula. 
Since atoms combine to form molecules, the relative weights of 
atoms lead directly to values for the relative weights of molecules, 
The molecular weight of any compound is simply the sum of the 
relative weights of all the atoms in one molecule of that compound. 
For example, the molecular weight of water, H,O, must be equal 
to (2x 1:008-+-1 x 16)=18.0160 ; since 1.0080 is the atomic weight 
of hydrogen and 16.00 is the atomic weight of oxygen. Similarly, 
since hydrogen peroxide molecule, H,O., contains two atoms of 
hydrogen and two atoms of oxygen, the relative weight of this 
molecule is (2 x 1.008) 4- (2 x 16.00) 34.0160. 

Oxygen in the free state is composed of molecules, each of which 
contains 2 oxygen atoms. It is, therefore, represented by the 
formula, Os, and its molecular weight is equal to 2x 16—32. 

From the above discussion it is obvious that the atomic weight 
andthe molecular weight are fixed on the same scale. Therefore, 
the molecular weight is defined as follows : 

. The molecular weight of a substance is the weight of a molecule 
of the substance compared with the weight of an oxygen atom taken 
as 16. Hence, Molecular weight of a substance 

Weight of one molecule of the substance 
Weight of one oxygen atom/16 
or, Molecular weight of a substance 
_ Weight of one molecule of the substance | | 6 
e Weight of one oxygen atom E 

On the carbon scale the molecular weight is defined as follows : 

The molecular weight of a sabstance is the weight of molecule 
of the substance compared with the weight of a carbon atoi ken 
as12. Hence on the carbon scale, the molecular weight of . 
substance is a number which represents how many times the weight 
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of one molecule of the substance is heavier than yy of the weight 
of one atom of carbon. Hence molecular weight of a substance 
... Weight of one molecule of the substance 
Weight of one atom ofcarbon]l2 
or, Molecular weight of a substance 
— Weight of one molecule of the substance x12 
^ — Weight of one atom of carbon 1 
Onthis scale, the molecular weight of nitrogen is 28. This 
means that one molecule of nitrogen is 28 times heavier than yy of 
the weight of one atom of carbon. The molecular weight of a 
substance does not represent the true weight of the molecule of 
the substance. Itgives the relative weight of the molecule. Hence 
it has no unit. 


Gram-molecular weight or Gram-mole. A gram-molecular 
weight is defined as the weight in gram numerically equal to the 
molecular weight, i.e. the molecular weight expressed in gram is 
the gram-molecular weight. One gram-molecular weight of a 
substance is also known as one gram-mole or simply one mole, 
When it is known that the formula written fora substance is its 
correct molecular formula, the molecular weight and formula weight 
are of course the same and the mole equals the gram-formula weight, 
Again, as in gram-atomic weight, 6:023 x 10** molecules are present 
ina mole ofa substance, The molecular weight of water, H,O is 
18:016. and hence one mole of water is 18'016 grams in which 
6:023 x 10?* molecules of water are present. Thus the formula for 
water, H,O, represents not only the compound, water but also 
18:0160 grams of water and 6:023 x 10** molecules of water. Simi- 
larly, the formula C,,H,,O,, represents (12x12--22x 1 --11 x16) 
=342 grams or one gram-mole of sucrose or 1 mole of sucrose con- 
taining 6°023 x 10° molecules of this compound, 

It is now obvious that from the gram-molecular weight, we can 
easily calculate the absolute weight of the molecule. 

Gram-molecular weight 


ight 023x109* — 
Th ute weight of the molecule= 6:023 x 10** 
: _ 18:016 
Thus, weight of one molecule of water= 6:023 x 1028 


2:991 x 107** gram. 
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It has been mentioned previously that the chemical formu 
allows us to determine the composition of a substance, The coi 
position can be determined in terms of weight percentage of its 
component elements, The procedure can be lucidly demonstrat 
with the help of an example : 

One molecule of sulphuric acid is represented by the formuli 
H,SO, which contains two atoms of hydrogen, one atom of sulph 
and four atoms of oxygen. If one looks at the atomic weight table, 
one can at once know that 

atomic weight of hydrogen= 1:008 
atomic weight of sulphur —32:066 
atomic weight of oxygen | —16:000 

Hence, the molecular weight of sulphuric acid can be calc 
lated as 

relative weights of 2 hydrogen atoms —2x 1:008— 2:016 

relative weights of 1 sulphur atom —1 x 32:066— 32:066 


relative weights of 4 oxygen atoms —4x16 —64*000 

Hence, the molecular weight of sulphuric acid ——98:082 

Therefore, the percentage by weight of hydrogen— E x 100 
=2'06 

the percentage by weight of sulphur 37068 x 100=32°7 

and the percentage by weight of oxygen= hey x 100=65:2. 


Thus, we can determine the percentage by weight of any give: 
element in the compound by the general formula : 

percentage by weight of the element 

if relative weights of the element 
molecular weight of the compound 

In conclusion, we can note that each molecular formula 
represents the following : 

(i) A shorthand method of writing the name of the substance. 

(ii) One molecule of the substance. 

(iii) One gram-molecular weight or one mole of the substance. 


x 100. 


Number of molecules present in a gram-mole. Oxygen 
molecule is diatomic. Hence in one molecule of oxygen there are: 
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two oxygen atoms. Therefore, the molecular weight of oxygen is 
32. Let us suppose that the molecular weight of an element — M. 
The weight ofa molecule of the element=m gram and the 
weight of an atom of. oxygen=n gram, Hence on the oxygen Scale, 
the molecular weight of the element 
— Weight of one molecule of the element 
Weight of one atom of oxygen/16 


Mz" 16 
n 


We know that one gram-atomic weight of oxygen— 16 gram. 

Weight of an atom of oxygen-n gram. 

Therefore, the number of oxygen atoms present in one gram- 
atom of oxygen-- 1°, 


The number of molecules present in one gram-mole of the 


element — M 
m 
Now, M=" x16 


M 16 or, 16 M 
m n n m 
Hence the number of atoms present in one gram-atom of oxygen 
is equal to the number of molecules present in one gram-mole of 
any substance. Therefore, one gram-mole of any ‘substance 
contains the same number of molecules. By experiment it has been 
found that this number is 6023x102" and is called the Avogadro 
number. 
The number of gram-moles or moles (n) present in g gram of a 
substance of molecular weight M is given by 


n=ġ, 
or, the number of gram-moles or moles 
— Weight of the substance in grams 


Molecular weight of the substance" 


2.19. Valeney. In the study iof the chemical compounds, 
one has known that atoms of different elements combine to form 
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molecules of the compounds. The combining ability of different 
atoms is not the same. Thus some atoms appear to be able to 
attach to only 1 other atom, whereas other atoms can combine 
with 20r30r4, Let us consider the following compounds : 


(i) Hydrogen chloride, HCI 


(ij) Water, H,O 
(ii) Ammonia, NH, 
(iv) Methane, CH,. 


From these formulas, it appears that chlorine is capable of combi- 
ning with one atom of hydrogen, whereas oxygen atom is capable of 
holding on two hydrogen atoms. Similarly, the nitrogen atom has 
the ability of combining with three hydrogen atoms whereas carbon 
atom is capable of combining with four hydrogen atoms. In no case 
the hydrogen atom is found to be combined with four carbon atoms, 
or three nitrogen atoms or in fact to more than one of any kind of 
atoms. Consegently, an atom of hydrogen hasthe least combining 
capacity. This ability to combine with other elemenis is called 
the valency. The valency of an element is equal to the number of 
hydrogen atoms with which one atom of that element combines. 
Upon the simplest assumption that hydrogen has a valency of one, 
chlorine has also the valency of one because in the compound HCl, 
one atom of chlorine combines with one atom of hydrogen. 
Oxygen, then, has the valency of two,- because one atom of oxygen 
combines with two atoms of hydrogen. Similarly, nitrogen has the 
valency of 3 and carbon has the valency of 4. 

The valency.of an element can be regarded as a number. which. 
represents the combining capacity of oné atom of that element and 
is measured by the number of hydrogen atoms with which one atom of 
that element would combine. 

An element with valency 1 is said to be univalent. The adjectives, 
bivalent, trivalent, quadrivalent or tetravalent, quinquevalent oF 
pentavalent, hexavalent or sexivalent, heptavalent or septivalent and 
octavalent are used to describe elements with valences 2, 3, 4, 5, 6, 7 
and 8 respectively. 

3f the element is not combined with hydrogen, usually its valency 
can be. calculated from the valency of the other elements. For 
example, for CaCl,, the valency of chlorine is known to be | in HCl. 
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Hence, the valency of calcium is 2 because one atom of calcium 
combines with two atoms of chlorine. In Fe,O,, two iron'atoms 
combine with three oxygen atoms. Total valency of oxygen is 3x2 
=6. Since the total valency of oxygen must be equal to the total 
valency of iron, the total valency of iron in Fe,O, must be equal 
to 6. Hence in Fe,O,, each iron atom has the valency of $23. 

An element shows its valency when it combines with other 
elements. In uncombined state, the element has the:valency of zero. 

The inert gases like helium, neon, argon, krypton, xenon, etc., 
cannot form any compound with other elements, i.e., they have no 
combining capacity. Hence the valency of the inert elements is 
always zero. Thus, there are, in all, nine valencies which are 
displayed by various elements, viz., 0, 1, 2, 3, 4, 5, 6, 7, and 8. 

Variable valency. Under different conditions, some elements 
exhibit more than one valency. An element may exhibit more than 
one valency, either (i) in its compounds with the same elements 
or (ii) in its compounds with different elements, In the following 
illustrations, the above statement will be clear. 


(i) Iron is bivalent in FeCl, and trivalent in FeCl,. 
Iron is bivalent in FeO and trivalent in Fe,0,. 

(ii) Phosphorus is trivalent in phosphorus trichloride, PCl, 
and pentavalent in phosphorus pentachloride, PCI, ; 
nitrogen is trivalent in ammonia, NH, and pentavalent in 
nitrogen pentoxide, N,O,. 

When a metallic element has more than one valency, modern 
nomenclature indicates the valency by writing a roman numerical 
in the parenthesis after the name of the element. Thus, FeCl, is 
written as iron (IIT) chloride and Fe,O, as iron (III) oxide. FeCl, 
is written as iron (II) chloride and FeO is written as iron (II) oxide. 
In an older nomenclature, the higher valency is indicated, in the 
name, by the suffix ‘tic’, whereas the lowér valency is shown with 
the suffix “ous”. Thus, FeCl, is ferric chloride and FeCl, is 
ferrous chloride. FeO, is ferric oxide and FeO is ferrous oxide. 
Similarly, CuCl is cuprous chloride and CuCl, is cupric chloride. 
Hg,Cl, is mercurous chloride and HgCl, is mercuric chloride. 

If an element possesses variable velency and unites with both 
hydrogen and oxygen, then it will exert its minimum valency in its 
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hydrogen-compound and maximum valency in its oxygen-compound 
and the sum ofthe minimum valency and maximum valency is 


generally 8. This rule is known. as Abegg-Bodiander rule. The 
rule is illustrated in the following table : ! 


Compound | Valency of the element Minimum valency 
maximum valency 
"cs BCL 


Cl,0, 7 Et 
PH, 3 A 
P,0, 5 3558 

"EX D 
H,S 2 m F 
s0, é 24+6=8 
CH, 4 4 EAE DL 
CO, 4 rapis j 
NH, : 345=8 
N,0, 5 


2-14. Radicals. In many molecules, a group of atoms of 
different elements occurs more or less as a unit and behaves collec- 
tively like a single atom. For example, a simple group (OH) 
composed of one oxygen atom and one hydrogen atom occurs im 
many different compounds with many other elements. Such a 
group of atoms is called a radical. The OH group just mentioned 
is called the hydroxyl radical. Radicals behave as units during a 
chemical reaction. In ammonium chloride, NH,CI, the group ol 
atoms, NH, behaves asa unit and plays the part of a univalent. 
element. It is called the ammonium radical. 1 

Let us consider sulphuric acid, H,SO, as another example. In 
this compound, four oxygen atoms and one sulphur atom form a 
group giving ríse to the sulphate radical (SO,). The sulphate 
radical combines with two hydrogen atoms and hence its valency 
is2. Thus in nitric acid, HNO, the nitrate radical, NO, combines 
with one hydrogen atom and, therefore, the valency of the nitrate 
radical isl. Similarly, the phosphate radical, PO, is trivalent 
inH,PO,. The hydroxyl radical, OH is monovalent in NaOH 
because the valency of sodium is 1, 
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All elements and radicals do not combine with each other. The 
valencies of common elements and radicals are listed in table 2.2(a) 
and 22(b) The elements and radicals have been arranged in Tables 
2,2(a) and 2.2(b). The elements and radicals in one table can combine 
with elements and radicals in the other table but the elements within 
the same table do not generally combine with each other. The 
reasons for such behaviour of them will become apparent later. 


Table 2.2(a) : Common valencies of some elements and radicals. 


Element Radical | Symbol | Valency | Examples 
e. NH,CI 
nium NH, 1 
pper Ch Cuprous Cu 1 Cuci 
oe ID Cupric Cu 2 CuCls 
dro H 1 HBr 
Mercury (D, ; Mercurous Hg 1 Hg Cle 
Mercury (IL), Mercuric Hg 2 HgCla 
Potassium 1 KCl 
Silver 1 AgCI 
Sodium Na 1 NaCl 
Barium | Ba 2 BaCl, 
Cadmium Cå Jur 42 C4dCls 
Calcium Ca 2 CaCl, 
Cobalt ( II), Cobaltous Co 2 CoCls 
Cobalt (IL È Cobaltic Co 3 CoCls 
Iron a ), Ferrous Fe 2 FeCle 
ine IID, Ferric Fe 3 FeCly 
a Plumbous Pb m" PbCle 
Lead TV), Plumbic Pb 4 PbCl, 
Mg 2 MgCls 
fr sro ID. Manganous Mn 2 MnCle 
Manganese (IV), [Tt Mn 4 MnCI, 
Nickel Ni 2 NiCls 
Strontium Sr 2 la 
Tin q , Sta $n 2 SnClo 
Tin , Stannic Sn 4 l 
eeg S | 3 ea 
mony Sb 3 " 
Bismuth Bi 3 BiCls 
Chromium t , Chromous Cr 2 CrCla 
Chromium (If), Chromic Cr 3 CrCls 
Carbon c 4 COs 
Silicon Si 4 


SiOs 
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Element 


Bromine 


Chlorine 


Fluorine 
Jodine 


Oxygen 


Radical 


Symbol 


Valency 


Table 2.2(b) : Common valencies of some elements and radicals. 


Acetate 
Arsenite 


Hydrogen 
carbonate 
pee onfe 
Bisulphate 
Bromate 


Chlorite 
Chlorate 
Cyanide 


Hydroxide 


Nitrate 
Nitrite 
Perchlorate 
Permanganate 
Carbonate 
Chromate 
Dichromate 


Peroxide 
Sulphate 
Sulphide 
Thiosulphate 
Manganate 
Monohydrogen 
phosphate 
Arsenate 
Borate 
Phosphate 


(c8 sCOO) 
AsOs) 


(HCO;) 
(CO) 


(HSO4) 
(B105) 
c 


UU) UU). NONI INO EO NO IND IND IO E N ie jm mj jn m RA RR d e 
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2.15. Strueturalformula. The valency ofan element is often 
represented by the necessary number of hyphens drawn from the 
symbolofthe element. Thus, the valency of hydrogen, oxygen, 
nitrogen and carbon can be pictorially represented as 

| | 
H-, —O-, -—N— ,—C— 
| 

The number of hyphens corresponds to the valencies of the 
element. When atoms combine together, the hyphen on the symbol 
of one atom is joined with the hyphen on the symbol of the other 
atom. Thus, the combination of hydrogen and oxygen to form 
water can be pictorially represented as 

H—Uu-0-—:/—H > H-—O-H 

Each of the two hydrogen atoms is attached to the oxygen atom 
by a valence bond or linkage represented by the line connecting the 
symbols for the atoms. The pictorial representation of the linking 
of the atoms of a molecule in a definite order is known as structural 
formula. Hydrochloric acid, ammonia, methane and hydrogen 
peroxide can be represented by the structural formulas as 


H H 
ale: HINCHO H-Ó-H' H-0-0-H 
(hydrochloric (ammonia) | (hydrogen 
acid) H peroxide) 
(methane) 


2.16. Saturated and Unsaturated compounds. In methane, 
CH,, we see that 4 valencies of carbon are equal to the total 
valencies of hydrogen atoms. Similarly, in water, H,O, two 
valencies of oxygen are equal to the total valencies of hydrogen 
atoms. In Al,O,, the total valencies of aluminium is equal to the 
total valencies of oxygen. The valencies of the elements in these 
compounds are said to be balanced. The compounds in which the 
valencies of the combining elements are balanced are called saturated 
compounds. Other examples of saturated compounds are ethane, 
propane, etc. 

In some compounds such as C,H,, CHa, etc., the valencies of 
the combining elements are not balanced. Thus, in C,H,, the 
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total valencles of carbon is 2x4=5, and the total valencies of 
hydrogen is 4x 14, In these compounds, two or more valencies of 
an atom of an element can unite with the corresponding number of 
valencies of an atom of the same element : 


HH The two valencies of one carbon atom 

unite with the two valencies of other 

pe» bad carbon atom. This gives rise to a double 
" A bond between carbon atoms. 


t ‘The three valencies of one carbon atom 


unite with the three valencies of the 


1 


b Acetylene, H - Ca C -H other carbon atom, This gives rise to 


x 


a triple bond between carbon atoms. 
When one valency of one carbon atom unites with one valency 
of the other carbon atom, we get a single bond between the carbon 
stomi: 


H H 
Ethane, epee 
Compounds which hire double or triple bonds between some of the 
atomi in iheir molecules, are called unsaturated compounds, Une 


| 


—— Compousde of two elements are called binary compounds. The 
 Mames of the binary compound: are constrected from the names of 
the two ia the particular compound. The name of the 


mere metallic chersent is weed as the firvt part of the name of the 


the aa tide Theme, BaO is called barium oxide which is 


| eomiratied as bariem +(oxypen - ygen + ide) =bariam oxide. 


The name of AICI, is constructed as 

aluminium 4 (chlorise ~ ine + ide) aluminium chloride. The 
name of Na,S is sodium sulphide, ie., d 

sodium + (sulphur -ur + ide) sodium. sulphide. The names of 
the following compounds will serve as further illustrations : 

HO - Hydrogen chloride. NaBr Sodium bromide 

Ki Potanium iodide. Cat, Calcium carbide 

Mg,N, Magnesium nitride, — CIO Chlorine oxide 

LIH — Lithium hydride. NaF Sodium fluoride. 

Por the case in which one element formis two or more compounds 
with some other elements, there are three schemes of nomenclature 
in common use. (i) The suitable prefixes are used to denote the 
number of atoms of a given kind. Thus, POCI, i» called lend 
dichloride and PbCI,, lead tetrachloride, S0, and SO, are sulphur 
dioxide and sulphur ttioxide respectively, (ii) The suffixes ‘ows" 
and "ic are employed to denote the lower and higher valency of 
ome of the elements in a binary compound. On this basis, SaCl, is 
called stannous chloride (Mamaum- um-ow) and SeCl,, the 
stannic chloride (stanmum - umi) (iii) When an clement 
exhibits more than two valencies, the name: of the compounds 
formed by that element are constructed by designating the valency of 
the element through the ute of the roman numerical in parentheses, 
Thus, TiCI,, TICI, and TiCl, are samad as titanium (II) chloride, 
titanium (IT chloride and titanium (IV) chloride respectively, 

The names of some compounds illestrating the schemes are 
given below : 

Cv,O, cuprous oxide or copper (I) orride; CuO, cupric oxide 
or copper (II) oxide ; FeO, ferrous oxide or (roo (IT) oxide ; Fe O,, 
ferric oxide or. iron (IT) oxide ; Mg,Cl,, mercerow: chloride or 
mercury (1) chloride; MgCl, mercari chloride or mercury (I) 
chloride ; N,O, nitrous oxide or nitrogen. (T) ozide: NO, nitric 
oxide or nitrogen (II) oxide. 

In some oxides, the prefix "per is added to one contaising mou 


otygen. Thus, 

H,0,, hydrogen peroxide ; Na, O,, sedium peroxide, 

The rules for saming somewhat more complicated molecules ate 
discussed ia a later chapter. 
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2.18. Derivation of formulas. The formula of many simple 
compounds may be written from the knowledge of the valencies of 
elements and radicals. A chemicalcompound is generally formed 
by the combination of an element with the element or radical having 
opposite valency. Thus, when an element X combines with another 
element or radical Y to form a compound, the valency of X must 
balance that of Y so that the valency of the compound as a whole is 
nil. Hence, the total valency of X must be equal and opposite to 
the total valency of Y. Thus, we can write 

total valency of X=total valency of Y 


i.e., number of atoms of X x valency of X=number of atoms of Y 
x valency of Y 

number ol atoms of X valency of Y 
number of atoms of Y valency of X 

Therefore, we see that in a molecule of the compound of X and 
‘Y, the number of atoms of X and Y present is inversely as the 
valencies of X and Y. 

To derive the formula of a molecule of a compound, the follow- 
ing procedure may be adopted. 


(i) The symbols of the elements are written side by side. The 
more positive element is written at the left and the less positive 
element or radical is written at the right. 


or, 


(ii) The valency of the left element is written at the bottom 
of the right element and the valency of the right element or radical 
is written at the bottom of the left element. When the valencies 
of the two elements are divisible by a common factor, they are 
first reduced to a simple ratio, and then the procedure is applied. 
The valency 1 is not generally written at the bottom. The 
examples in table 2.3 will clarify the above procedure. Consult 
the tables 2.2(a) and 2.2(b) for the valencies of the elements. 


2.19. Chemical.eguation. In chapter I, it was pointed out 
that a chemical reaction is a process in which certain substances 
are converted?into other substances. The substances which under- 
go chemical change are called reactants and those which are formed 
as a result of the chemical change are called products, 

The chemist uses a system of “shorthand” writing to describe 
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chemical reactions. This system employs symbols and formulas of 
substances instead of words. In achemical equation, the formulas 
of the initial substances ( the reactants ) are always written to the 
left and the formulas of the products are written to the right of 


Table 2.3 
——————— TIL Pee usos 
Symbols of Valencies of 
Compound A SNETI TA T right Formula 
element sonenn, element eom | 

Sodium oxide Na | O 1 2 NagO 
Aluminium oxide Atuh O 3 2 AlsOs 
Phosphorus pentachloride P cl 5 1 PCls 
Sulphuric acid H SO, 1 2 Ha(S04) 
Calcium phosphate Ca PO, 2 3 Cas(PO4)s: 
Sodium bicarbonate Na HCO; 1 1 Na(HCO») 
Aluminium nitrate Al NOs 3 1 AY(NO3)s 
Aluminium phosphate Al PO, 3 3 ARS, 
Calcium oxide | Ca o 2 2 Cao 
Stannic oxide Sn o 4 2 SnO«s 
Aluminium borate Al BO; 3 3 |AXBOy).. 


———————— 


— 


the equality sign. Thus, the reaction of sodium hydride and water 
can be represented as 
NaH+H,0=H,+Na0H 

The plus sign on the left side of the equality sign may be inter- 
preted as “react with’? and that on the right side may be inter- 
preted as “‘and’’, The sign of equality is interpreted as “to form”. 
Thus, the above equation tells us that sodium hydride ‘‘reacts with’” 
water “to form" hydrogen ‘‘and” sodium hydroxide. 


Balanced equation. A balanced equation is one which shows 
the same number of atoms of each element before and after the: 
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reaction. An unbalanced ‘‘equation” is really not an equation but 
a mere statement that a reaction occurs, it gives an incomplete 
picture of what is taking place. 
Let us now consider the reaction between hydrogen and oxygen 
to form water : 
H,+0,=H,O 
2:016 32 18:016 
w 


34016 


Inspection of this “unbalanced equation” indicates several discre- 
pancies. First, the equality is not realised since two atoms of 
oxygen are represented to the left of the sign of equality and only 
one atom on the right, Secondly, calculating the formula weights of 
each substance in the reaction from the atomic weights of 
H=1°008, O=16, we find that 34:016 parts by weight of the 
reactants are forming 18:016 parts by weight of products. It, there- 
fore, seems that matter has been destroyed in this reaction which is 
contrary to the law of conservation of mass. 


The above discrepancies can be removed by placing coefficients 
in front of the formulas, so that the numbers of each kind of atom 
on both sides of the above “equation” will be the same. Thus 

2H, +0,=2H,O 
The placing of the coefficients before H, and H,O is referred to as 
balancing the unbalanced equation. Note that the balanced equation 
shows that 36°032 parts of the reactants form 36:032 parts of, 
the products. 


Significance of a chemical equation. The chemical equation 
represents : 

(i) A shorthand method of describing a chemical reaction, 

(i) The minimum number of particles taking part in the 
reaction—the unit reaction. 

(iii) The weights, numbers of moles and volumes (in the case 
of gases) of substances involved in the chemical reaction. 

Let us consider the following equation : 

H, + Cl, = 2HCI 

2:016 (2x 351457) (2x 36:465) 


LI 
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This equation tells us that (i) hydrogen reacts with chlorine 
toform hydrogen chloride; (ii) one molecule of hydrogen and 
one molecule of chlorine take part in the reaction forming two 
molecules of hydrogen chloride. 

(iii) 2:016 parts by weight of hydrogen react with 70:914 parts 
by weight of chlorine to form 72:93 parts by weight of hydrogen 
chloride. Since hydrogen, chlorine and hydrogen chloride are 
gases, we can also say **one volume of hydrogen combines with one 
volume of chlorine to form two volumes of hydrogen chloride." 

Limitations of a chem'cal equation. A chemical equation 
cannot provide us informations on the following : 

(a) Energy changes, i.e., whether heat is evolved or absorbed 
during the chemical reaction. 

(b) Conditions such as temperature, pressure and other factors 
under which the reaction takes place. 

(c) The rate at which the reaction proceeds and the time taken 
for its completion. 

(d) The concentrations of the reacting substances and those of 
products formed. 

(c) The physical states of the substances involved in the reac- 
tion, 


Balancing chemical equations. During balancing a chemical 
equation, one must remember the following points : 

(i) A chemical equation always represents a chemical reaction 
that really takes place in nature. 

(ii) In a balanced equation, the numbers of each kind of atom 
on both sides of the equation will be the same. 

(iii) The equation must represent the nature of the substance 
as they truly exist. Thus, oxygen exists as diatomic molecule, O, 
and, accordingly, oxygen should be written as O, in the equation. 
Iron does exist as individual atoms and hence iron is written in the 
equation as Fe. 

2.20. Methods of balancing. All methods of balancing the 
chemical equation are based on the fact that the number of each 
species of atom on both sides of the balanced equation must be 
equal. Some systematic methods exist, some of which are discussed 
below : 


Li 
« LJ 
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Method 1. From the valeneies of the reacting elements. 
This method is very useful for balancing the equations for simple 
reactions. Let us consider the following examples : 

(i) Hydrogen reacts with oxygen to form water. 

(a) Write the symbols and molecular formulas of the elements 
and compounds respectively in a skeleton equation. Thus 

H+0=H,0 

(b) Place the valency of oxygen before hydrogen and that of 
hydrogen before oxygen. Thus 

2H+1:0=H,O 

(c) Represent hydrogen and oxygen as they truly exist, iey 
as H, and O,. Hence 

2H, +1'0,=H,O 

(d) Finally, place the coefficient before H,O such that the 
number of hydrogen and oxygen atoms on both sides of the equation 
become equal. 

rr, 2H, 4-0, —2H,0 

This is a balanced equation, The numerical 1 is not generally 
placed before the molecule. The coefficient 2 in the term 2H, 
means that two molecules of hydrogen, i.e., four hydrogen atoms 
altogether are involved in the reaction. The coefficient 2 in the 
term 2H ,O multiplies the entire formula H,O, that is, 2H,O means 
two molecules of H,O (four hydrogen atoms and two oxygen atoms). 
Carefully study how the method has been applied on the following. 
illustrations. 


(1) Aluminium + Oxygen = Aluminium oxide 
(a) Al 40 = AO; 
(b) 2Al + 30 = AKO, 
(c) 4Al + 30,° =) .2AT,0, 


Equation (c) is a balanced equation. 
(2) Magnesium + nitrogen = Magnesium nitride 


(a) Mg + N = Mg,N, 
(b) 3Mg + 2N = MN, 
(c) 3Mg + N, = Mg,N, 


Equation (c) is a balanced equation. 
(3) Magnesium + Oxygen = Magnesium oxide 
(a) Mg + O0 = MgO 
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(b) 2Mg + 20 = 2MgO 
(c) 2Mg +O, = 2MgO 
Equation (c) is a balanced equation. 
(4) Aluminium + Sulphuric= Aluminium + Hydrogen 
acid sulphate 
(a) Al + H,SO, = Al, (SO); + H; 
(b) Since aluminium combines with SO,, place the valency of 
aluminium before H,SO, and that of sulphate before Al. 
2Al + 3H,SO, = AL(SO,), + 3H, 
This is a balanced equation. 
(5) Sodium chloride + Sulphuric acid= Sodium sulphate 
+ hydrochloric acid 
(a) NaCl + H,SO, = Na,SO, + HCl. 
(b) Place the valency of SO, before NaCl and that of sodium 
before H,SO,. The balanced equation is then obtained. 
2NaCl + HSO, = Na,SO, + 2HCI. 
Method 2: Balancing the equation representing a reaction in 
which there are one reactant and more than one products. 
(1) The decomposition of potassium chlorate : 
(i) Potassium chlorate=potassium chloride--oxygen 
KCIO, = KCI+0, 
(ii) There are 3 oxygen atoms on the left and 2 oxygen atoms 
on the right. Hence, we multiply the O, by § 
KCIO, —-KCI 4-20, 
(iii) To eliminate the fraction we multiply the whole equation 
by2 
2KCIO, —2KCI4-30, 
(2) Decomposition of hydrogen peroxide. 
Hydrogen peroxide water + oxygen 


(i) H,O, =H,0+0 
(ii) 2H,0, =2H,0+20 
(iii) 2H,0, =2H.0+0, 


Equation (iii) is, evidently, a balanced equation, 
Method 3: Algebraic method for balancing equations : 


This method is based upon the fact that the numbers of atoms 
of each element on both sides of the balanced equation must be 
4 
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equal. The reaction between potassium dichromate and hydro- 
chloric acid can be taken as an illustration. 
aK,Cr,O; +bHCl=cKCl+dCrCl, +eCl,+fH,O 

This is an unbalanced equation. The coefficients a to f have 
been inserted before each molecular formula, The values of these 
coefficients can be calculated as follows : 

Since the number of potassium (K) atoms on each side of the 
equation must be equal, we get 

2a=c 
From the similar consideration, we get 
for the Cr atoms ; 2a=d 
for the O atoms ; Ta=f 
for the H atoms ; b=2f £ 
for the Cl atoms ; b=c+3d+2e 

The value ‘1’ is then assigned arbitrarily to any of these coeffi- 

cients. Ifa is put equal to 1, then we obtain 
c=2; d=2; f=7; b= 14 & e=3 
The balanced equation, therefore, is 
K,Cr,0, +14HCl=2KCl + 2CrCl, +3Cl, +7H,O 

Method 4: Balancing by partial equations: This method 
involves writing intermediate equations. The intermediate equations 
are then added to get the final equation. The intermediate 
equations must be balanced by methods (1—3). The method is 
described completely in the following illustrations : 

(i) Hydrogen peroxide reacts with an acid solution of potassium 
permanganate. The products are potassium sulphate, manganous 
sulphate, water and ogygen : 

2KMnO, -K,O--2Mn04-50 
K,0+H,SO,=K,SO,+H,0 
2MnO+ 2H,SO,=2MnSO, +2H,O 
5H,0,—5H,0--50 
50+50=50, 


2KMnO, + 3H;SO,+5H,0,=K,SO,+8H,O+2MnSO, +50, 


(ii), Manganese dioxide reacts with hydrochloric acid to give 
manganese dichloride, water and chlorine. 
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MnO, +4HCl=MnCl, +2H,O 
MnCl, = MnCl, + Cl, 
MnO, 4-4HCI 2 MnCI, +2H,0+Cl, 
(iii) Manganese dioxide -- sodium chloride + sulphuric acid 
- Manganous sulphate + sodium bisulphate + chlorine+ water. 
i.e., MnO, 4- NaCl À-H9SO,—MnSO, + NaHSO, 4- Cl, 4-H,O 
This reaction can be balanced as follows : 
2NaCI -2H, SO, —2NaHSO, --2HCI 
MnO, +H,SO,=MnSO,+H,0+0 
2HCI4-O =H,0+Cl, 
2NaCl+ MnO, +3H,SO,=2NaHSO,+MnSO, +2H,0+Cl, 
(iv) Ozone-+-hydrochloric acid= Chlorine +oxygen+ water 
O,+HCI — Cl,+0,+H,0 
The equation representing this reaction may be built up as 
0,=0,+0 
2HC1+O=H,0+Cl, 
2HCl+0,=H,0O+Cl,+0, 

(v) Chlorine reacts with a cold solution of sodium hydroxide 
to give sodium chloride, sodium hypochlorite and water. The 
equation for this reaction can be deduced as : 

CI, +H,O=HCl+HOCI 
HCI4- NaOH — NaCl 4-H,O 
HOCI-- NaOH — NaOCI --H,O 
Cl, -2NaOH — NaCI 4- NaOCI 4- H,O 

2.21. Types of chemical reactions. Chemical reactions follow 
a number of patterns, some of which will be discussed. 

1. Combination or Synthesis. [Synthesis (Syn—with ; tithemi 
—I place) means putting together]. When two or more substances 
(either element or compound) unite to form a single more complex 
substance, the chemical reaction is called combination or synthesis. 

A+B>C 

When magnesium ribbon burns in air, the metal directly unites 
with oxygen of the air to form magnesium oxide. 

2Mg4-0,—2MgO 
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When an electric spark is passed through a mixture of hydrogen 
and oxygen, hydrogen directly unites with oxygen to form water. 
2H, +O,=2H,O 
Carbon dioxide combines directly with heated quicklime forming 
calcium carbonate. 
CaO +CO,=CaCO, 
These are few examples of combination reactions. 


2. Decomposition, or Analysis. When a compound breaks 
down into two or more simpler substances, the chemical reaction 
is called decomposition. It is exactly the reverse of combination. 

C— A+B 

When strongly heated, red oxide of mercury breaks up into 
mercury and oxygen: 2HgO=2Hg+0, 

We say that the mercuric oxide decomposes into mercury and 
oxygen. 

When electric current is passed through acidulated water, water 
decomposes into hydrogen and oxygen, 

2H,O=2H,+0, 

The breakdown of sugar by heat is another example of decom- 
position reaction : 

C4,H,,0;,,—12C--11H,0 

3. Displacement or replacement. It is a chemical reaction in 
which a more active element replaces another element in a 
compound and takes its place : 

A+BC=B+AC 

When zinc is added to sulphuric acid, it displaces hydrogen from 

sulphuric acid and forms zinc sulphate. 
Zn+H,SO,=H, +ZnSO, 

When a clean piece of iron is dipped into copper sulphate 
solution, iron goes into the solution to displace the copper, and red 
metallic copper is deposited. 

Fe+CuSO,=Cu+FeSO; 

4. Double decomposition or metathesis. The chemical reaction 
in which two compounds react by exchange of parts to form two new 
compounds, is called double decomposition or metathesis : 

AB+CD=AD+CB 
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When a solution of sodium chloride is treated with a solution 
of silver nitrate, we get, by mutual exchange, sodium nitrate and 
silver chloride : 

NaCl+AgNO,=NaNO,+AgCl 

If a solution of potassium iodide is treated with a solution of 
mercuric chloride, double decomposition reaction takes place, and 
we get potassium chloride and mercuric iodide. 

2KI+HgCl, —2KCI 4- Hgl, 

5. Hydrolysis. The chemical reaction in which a chemical 
compound reacts with water to form new substances is called 
hydrolysis. 

Thus, phosphorus pentachloride reacts with water to give 
phosphoric acid and hydrochloric acid. 

PCI, +4H,O=H,PO,+5HCl 
Potassium cyanide when treated with water undergoes hydrolysis ; 
KCN+H,0=KOH+HCN 

When silicon tetrachloride is brought in contact with moist air, 

it hydrolyses, forming hydrochloric acid and orthosilicic acid : 
SiCl, +4H,O=4HCI+H, SiO, (orthosilicic acid) 

6. Precipitation. It isa process in which an insoluble solid 
separates by double decomposition when solutions of two substances 
are mixed together. 

When a solution of barium chloride is mixed with a solution 
of potassium sulphate, a heavy white precipitate of barium sulphate 
is formed. 

BaCl, +K,SO,=BaSO,+2KCl 

When sulphuretted hydrogen gas is passed through a solution of 

copper sulphate, a black precipitate of copper sulphide is produced. 
CuSO,+H,S=CuS+H,SO, 

A yellow precipitate of lead chromate is formed when potassium 

chromate solution is mixed with the solution of lead acetate. 
Pb(OOC.CH,), +K,CrO, =PbCrO, +2CH,COOK 

7. Thermal dissociation. Thermal dissociation is a phenome- 
non in which a molecule splits up into simpler parts on heating, 
but the latter recombine to form the original molecule on cooling. 

The molecule which exhibits the phenomenon of dissociation 
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is said to dissociate. Most of the ammonium salts dissociate on 
heating. Thus, when ammonium chloride is heated, it dissociates 
into ammonia and hydrochloric acid, but on cooling ammonia and 
hydrochloric acid recombine to give ammonium chloride. 

The process is reversible and is represented as 

NH,Cl = NH,+HCl 

Calcium carbonate, on heating, dissociates into calcium oxide 

and carbon dioxide ; the process is represented as 
CaCO, = Ca0+CO, 

Similarly, phosphorus pentachloride dissociates into phosphorus 
trichloride and chlorine : 

PCI, = PC1,+Cl, 

Certain elements also dissociate on heating. Thus, iodine, on 
being heated, dissociates as follows : 

I, 1+] 

Sulphur, selenium, phosphorus, arsenic, etc., also dissociate 
when heated strongly. 

There is another type of dissociation known as electrolytic 
dissociation which has been discussed later. 

8. Isomerism. The existence of two or more substances having 
the same molecular formula but possessing different properties 
because of different molecular structures, is called isomerism; the 
different substances are said to be isomers of each other. 

Ammonium cyanate, when heated, changes into urea by the 
simple rearrangement of atoms. 

NH,(CNO) = CO(NH,); 
(Ammonium cyanate) (urea) 

Ammonium cyanate and urea are said to be isomers. Similarly, 
two compounds are known that have the formula, C,H;,. One of 
the compounds boils at—0.6°C and the other at—10°C, indicating 
that two different compounds having the same formula exist. These 
two compounds are normal butane and isobutane and hence they are 
isomers. The difference in the structural formula is shown for the 
two isomers : 

CH, 
CH,—CH,—CH,—CH,, ont, CHCH, 


n-butane iso-butane 
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When an isomeric change is reversible, it is called a tautomeric 
change. 


9. Polymerisation. The reaction in which two or more 
molecules of a substance unite to form a molecule of another 
substance is called polymerisation. 

3C,H, ——— C,H, 
acetylene benzene 

2.22. The phenomenon of allotropy. Allotropy is the property 
of an element by which it can exist in two or more forms which differ 
more or less in physical properties and in some chemical properties. 


The different forms of the element which exhibit allotropy are 
known as allotropes. 

Ozone is a blue gas and has a fishy smell. It is a stronger 
oxidising agent than ordinary oxygen. 

Although the properties of ozone are different from those of 
ordinary oxygen, it is not a. compound but elementary oxygen in 
different form. In a molecule of oxygen (O,), there are two atoms 
whereas in a molecule of ozone there are three oxygen atoms (O,). 
Hence, ozone is an allotrope of oxygen. 

Phosphorus exists in two allotropic modifications, e. g., white 
phosphorus and red phosphorus. The properties of these two 
allotropes of phosphorus are quite different. White phosphorus 
melts at 44°1°C and red phosphorus at 590°C at 43 atmospheres, 
White phosphorus is extremely poisonous, but the red form is 
non-poisonous. 

Allotropy is exhibited by numerous elements of which arsenic, 
antimony, bismuth, carbon, nitrogen, tin, iron, sulphur, etc., are 
few examples. It is due to the existence of two or more kinds of 
molecules (containing different number of atoms) or to the existence 
of two or more different crystalline forms, 

Theallotropes of some elements are mutually interconvertible 
and are described as enantiotropic (Greek—opposite, turning or 
change). For enantiotropic elements, there is a definite temperature 
called the transition temperature at which one form is transformed 
into the other. The interconversion of two crystalline varieties of 
sulphur takes placeat 95°5°C which is the transition temperature 
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of sulphur. When only one form is stable at all temperatures, the 
element is said to be monotropic. 

Each allotrope of a given element is associated with a particular 
quantity of energy (internal energy). When one allotrope changes 
to another, a definite quantity of energy is either evolved or absor- 
bed. This quantity of energy is equal to the difference between the 
quantities associated with each allotrope. 34,000 calories of heat 
are evolved when one mole of ozone decomposes to oxygen, When 
white phosphorus is converted into red phosphorus at temperatures 
above 250°C, so much heat is liberated that the reaction may become 
explosive, 

Polymorphism. A compound may be able to form crystals of more than 
one variety. Compounds capable of such behaviour are called polymorphic and 
the phenomenon is called polymorphism. The term, polymorphism, is applied 


in the case of compound and the word, allotropy, is applied to the elements, 
‘be it solid, liquid or gaseous. 


Isomorphism, Many substances have crystals of the same form. When 
two or more substances have the same crystalline form, the substances are 
called isomorphous and the phenomenon is known as isomorphism. 

2.28. The phenomenon of catalysis. Frequently, the addition 
of an ‘apparently inert’ substance has the effect of increasing and 
sometimes of decreasing the rate of a chemical reaction. This 
substance remains unchanged in mass and in chemical composition 
at the end of the chemical reaction. The substance is called a 
catalyst, and is said to catalyse the reaction. 


In order to get an insight of the phenomenon, let us consider an 
experiment : If we heat white crystals of pure potassium chlorate 
to a temperature of 368°C, the crystals melt to form a pale yellow 
liquid. At 368°C, however, the liquid potassium chlorate decom- 
poses very slowly into potassium chloride and oxygen. 

2KCIO, —2KCI +30, 

But if we heat potassium chlorate to which a very small quantity 
of manganese dioxide has been added, we find that at 368°C 
potassium chlorate decomposes very rapidly. We also find that 
manganese dioxide remains unchanged in mass and in chemical 


composition after the reaction. Thus, our observations are that at 
368°C. 
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(i) KCIO, alone decomposes slowly. 
(ii) KCIO,, in presence of MnO,, decomposes very rapidly. 

The inescapable conclusion from these observations is that the 
rate at which KCIO, decomposes at 368°C is remarkably influenced 
by the mere presence of a foreign substance (c.g, MnO,). Foreign 
substance may be recovered unchanged after the decomposition 
is complete. The influence of manganese dioxide upon the 
decomposition of potassium chlorate is an example of catalytic 
action or catalysis. Manganese dioxide is called a catalyst and the 
decomposition of KClO, is said to be catalysed by manganese 
dioxide. 

Catalysis is a phenomenon in which the rate of a chemical reaction 
is increased or decreased by the addition of a small quantity of a 
foreign substance which remains unchanged in mass and in chemical 
composition at the end of the reaction, 

The foreign substance is called a catalyst or catalytic agent. 

Catalysts. A catalyst is defined as a substance which has the 
property of either increasing or decreasing the rate of a chemical 
reaction, but does not itself undergo any change in mass and in 
chemical composition at the end of the reaction. 

The action of catalysts is highly selective. A substance that 
catalyses one reaction, may be wholly without influence towards 
another reaction, or a catalyst which increases the rate of one 
reaction, may decrease the rate of another reaction. Catalysts are 
extremely useful for promoting reactions which occur too slowly 
at ordinary temperatures, or whose products would be damaged 
if excessively high temperatures were used. In most cases, only a 
very small quantity of catalysts is required. 

For the convenience of study, catalytic reactions are divided into 
two groups, e.g., heterogeneous and homogeneous catalysis : 

(i) Heterogeneous catalysis. In the heterogeneous catalytic 
reactions, the catalyst is not uniformly distributed throughout the 
bulk of the reaction-mixture but forms a separate phase. Many 
examples of this type of catalysis are found in the use of solid 
catalysts to catalyse the reactions between gases. A mixture of 
hydrogen and oxygen may be kept at room temperature without 
reaction but if platinum is introduced into the mixture, combination 
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of hydrogen and oxygen takes place on the surface of the metal, and 
water is formed. In this reaction, the platinum metal forms a 
Separate phase (i.e., solid) from the reaction-mixture (gas). Other 
examples of heterogeneous catalysis are : 

(i) finely divided platinum or vanadium pentoxide in the 
oxidation of sulphur dioxide to sulphur trioxide 

(280,+0,=2S0,). 

(ii) reduced iron in the synthesis of ammonia from nitrogen 
and hydrogen (N, +3H,=2NH,) 

(iii) metallic copper in the reaction of ammonia and oxygen 
which takes place at 500°C, to yield nitrogen and steam 

(4NH,+30,=2N,+6H,0). 

The phenomenon of catalysis in which a solid catalyst is used to 

catalyse a gaseous reaction is often styled as contact catalysis. 


(ii) Homogeneous catalysis. In homogeneous catalysis, the 
catalyst is uniformly distributed throughout the bulk of the reaction- 
mixture, and all the substances are present in one single phase. 
Examples of this type of catalysis are : 

(a) action of nitric oxide vapour in the oxidation of sulphur 
dioxide to sulphur trioxide 

^ (280, 4-0,—280,) 

(b) the influence of acids in promoting the hydrolysis of cane 

sugar 
(C; .H5,0,, +H,0=C,H,,0,+C,H;,0,) 

(c) thé action of water in assisting the union of hydrogen 

chloride and ammonia to yield ammonium chloride 
(HCI-- NH, —NH,CI) 


Types of catalysis 
(i) Positive catalysis. A catalyst which increases the rate of a 
chemical reaction is called a positive catalyst, and the phenomenon is 
called positive. catalysis. Manganese dioxide acts as a positive 
catalyst in the decomposition of potassium chlorate into potassium 
chloride and oxygen. The platinum gauze in the oxidation of 
ammonia into nitric oxide 
4NH, +50,=6H,0+4NO 
acts as a positive catalyst. 
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In the commercial production of ammonia from nitrogen and 

hydrogen 
N,+3H,=2NH, 
metals such as platinum act as positive catalysts. 

(ii) Negative catalysis. The substance which decreases the rate 
of a chemical reaction is called a negative catalyst. The phenomenon. 
is known as negative cataiysis. The negative catalyst is also called a 
retarder or an inhibitor. i 

The rate of decomposition of hydrogen peroxide into water and 
oxygen is decreased by the presence of small amount of phosphoric 
acid. In this reaction, phosphoric acid acts as a negative catalyst, 
and the process of decreasing the decomposition is known as 
negative catalysis. Glycerine acts as a negative catalyst in the 
oxidation of sodium sulphite (Na,SO,) to sodium sulphate 
(Na,SO,) by air. Alcohol retards the oxidation of chloroform 
(CHCI,) to phosgene gas (COCI,). 

(iii) Autocatalysis. Often a reaction is catalysed by one of 
its products. For example, the reaction of potassium permanganate 
and oxalic acid in acid solution is catalysed by manganous sulphate, 
MnSO,, which is formed as a result of the following reaction : 
2KMnO,+5H,C,0, +3H,SO,=K,SO,+2MnSO, + 10CO, --8H,O0 

The rate of the reaction at first is very small but increases 
as the reaction progresses because manganous sulphate formed 
catalyses the reaction. The phenomenon in which a reaction is 
catalysed by one of its products is called autocatalysis. 

The hydrolysis of ethyl acetate by water is autocatalytic. 

CH,COOC,H,+H,O=CH,COOH+C,H,OH 

The acetic acid (CH,COOH) which is produced as a result 
of the hydrolysis catalyses the reaction. 

(iv) Induced catalysis. Ifair is passed through the solution 
of sodium arsenite, it is not oxidised into sodium arsenate by the 
oxygen of the air, but the solution of sodium sulphite is oxidised 
into sodium sulphate under the same condition. If air is passed 
through a mixture of sodium arsenite and sodium sulphite solution, 
both salts are simultaneously oxidised, although arsenite is not 
oxidisable individually by any of the substances present in the 
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mixture. These types of reaction are called. imduced catalytic 
reactions and the phenomenon is known as induced catalysis. 
Na,SO,+Na,AsO,+O,=Na,SO,+Na,AsO, 
Criteria of catalysis. The most important criteria of catalytic reactions 
“aye as follows : 

(i) Avery small quantity of the catalyst is capable to effect an appreciable 
-change in the rate of a chemical reaction, Thus, when 1.7x 10-4 gm. of colloidal 
platinum is added to 1 litre of hydrogen peroxide, the rate of decomposition of 
hydrogen peroxide is markedly increased. Another striking example to the 
„point is the catalytic action of copper sulphate in the oxidation of sodium 
sulphite by air. The rate of this oxidation reaction is appreciably increased 
"by the presence of copper sulphate at a concentration of only 10-12 gram-mole- 
cules per litre. 


(2) The catalyst remains unchanged in mass and in chemical composition at 
the end of the reaction, 

There is no permanent change in the chemical composition of the catalyst. 
The physical state of the catalyst may, however, be changed. Thus, when coarse 
Jumps of manganese dioxide are used to catalyse the decomposition of potassium 
chlorate, the pieces are found to be disintegrated to a very fine powder at the 
end of the reaction. Bright metallic platinum when used to catalyse the com- 
bination of hydrogen and oxygen, becomes coated with finely divided black 
powder. This finely divided platinum is a much stronger catalytic agent than 
“the polished metal, 

(3) A catalyst cannot start a chemical reaction but can only alter its speed. 
‘Ostwald believed that the catalyst can only accelerate a reaction which is 
actually in progress. Thus, he supposed that the interaction of hydrogen and 
oxygen actually proceeds at room temperature but so slowly that it is beyond 
detection. The introduction of platinum black merely increases the speed of this 
pre-existing reaction. 

According to other views, catalysts really initiate certain reactions. Thus, 
the combination of ammonia with hydrogen chloride, and the union of nitric 
oxide with oxygen do not take place in the absence of moisture, Itis not, 
"however, possible to say definitely whether these reactions are really initiated by 
moisture, even though a trace of it may have a very pronounced catalytic effect. 

4. Acatalyst cannot alter the position of equilibrium in a balancd action ; 
ithe forward and backward reaction is accelerated to the same extent. An example 
to the point is provided by the reaction of alcohol and acetic acid to form ethyl 
acetate and water, 

C:H,OH+CHsCOOH = CHsCOOC.H;+H20 

The forward reaction is accelerated by acids, as also is the backward reaction, 
å.e. the hydrolysis of ethyl acetate by water. But the forward and the backward 
reactions are influenced by the acids to an equal extent so that final position of 
equilibrium remains unchanged. 
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Catalyst poisons. The presence of small quantities of certain 
substances, sometimes, causes a heterogencous catalyst to lose its 
activity. The substances which retard the chemical change by destroy- 
ing the efficiency of an essential catalyst are known as anti-catalys? 
or catalyst poison. The catalyst which is thus made ineffective is 
said to be poisoned. The catalyst poisons usually operate. by 
reacting with the surface particles of the catalyst to change their 
composition or to ‘coat’ them, 


The most well known example of catalyst poison is arsenious 
oxide. This catalyst poison destroys the catalytic activity of 
platinum which is used in the oxidation of sulphur dioxide to 
sulphur trioxide. Soa special care is taken to remove this sub- 
stance from sulphur dioxide in the manufacture of sulphuric acid by 
contact process. H,S, HCN, HgCl,, CO, etc., also act as catalyst 
poisons. 


Catalyst promoters. Sometimes, a mixture of a catalyst and 
oneor more foreign substances producesa greater catalytic effect 
than the catalyst alone. The foreign substances may not them- 
selves be catalytically active. The substances which increase the 
activity of the catalysts are called promoters. For example, reduced! 
iron acts as a catalyst in the synthesis of ammonia, but its catalytic 
activity is greatly increased when it is mixed with molybdenum 
or with a mixture of aluminium oxide and potassium oxide. 
Molybdenum or a mixture of aluminium oxide and potassium 
oxide acts as promoter. 


Problems 


1. How many gram-molecules or moles are present in 5 grams of 
water ? How many molecules of water are present in it ? 
() The molecular formula of water is H,O, 
Its molecular weight=2 x 1+16=18 
18 grams of water=1 gram-molecule of water 


5 grams of water 3 =0'277 gram-mole of water. 


0:277 gram-mole or 0'277 moles of water are present in $ 
grams of water, 
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(b) 18 grams of water contain 6:023 x 10** molecules of water. 
^ 3 
5 grams of water contain 6023 x Qt x 5-668 x 1028 mole- 
cules of water. 
1:668 x 102° molecules of water are present in 5 grams of 


water, 

2. Calculate the amount of ammonia in grams present in 0'17 
gram-mole of ammonia. 

Molecular formula of amonia is NH,« 

Molecular weight of ammonia—14 4-1 x 3—17 

1 gram-mole of ammonia—17 grams. 

0°17 gram-mole of ammonia — 17 x *17— 2:89 grams. 

2:89 grams of ammonia are present in 0'17 gram-mole of 
ammonia. 

3. How many oxygen atoms are present in 0*9 gram of water ? 

[H S., 78] 
Molecular formula of water is H,O. 
Its molecular weight=1 x 2+16 x 1—18 
18 grams of water contain 6:023 x 10?* molecules of water. 
0*9 gram of water contain 9:023 10* oe X0'9 30:08 x 1021 
molecules of water. 
Now, 1 molecule of water contains 1 oxygen atom 
0*9 gram of water contain 30°08 x 10%” atoms of oxygen. 

4. Calculate the number of molecules present in the solution 
obtained by dissolving 10°26 grams of cane sugar in 36 grams of 
water. C=12, O=16, H=1. 

Molecular formula of cane sugar is C4 9H,,0 4. 

Molecular weight of water=18 
Molecular weight of cane sugar 
=12x12+22x1+11 x 16=342 
18 grams of water contain 6:023 x 10?? molecules of water 


-. 36 grams of water contain S005 x BOM x36 — 12:946 x 10° 


molecules of water. 
342 grams of sugar contain 6'023 x 1028 molecules of sugar. 
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10°26 grams of sugar contain 6:023 x 10** x 1026 


342 
=0°18069 x 102% molecules of sugar, 
«". Total number of molecules 
= 12:046 x 10° +.0°18069 x 1028 = 12°22669 x 1023, 


5.. What is the weight of 10 molecules of oxygen ? 
1 oxygen molecule contains 2 atoms of oxygen 
Molecular weight of oxygen= 16x 2=32 
Now, 6:023 x 10?? molecules of oxygen weigh 32 grams. 
10 molecules of oxygen weigh 
32x10. o44 OF 
6023x1078 = 93 I x 107? gram. 
6. Calculate the number of molecules of water present in I:8 
«.c. of water at 4°C, [ H. $., 84] 
The density of water at 4°C=1 
Mass of 1*8 c.c. of water— 1*8 gram. 
Molecular weight of water— 18 
18 grams of water contain 6'023 x 10** molecules of water. 
1'8 gram of water contain 


S028 xo x 3. 5 yas X 10** molecules of water. 


7. How many oxygen atoms are present in 0*4 mole of carbon 

dioxide? And how many moles of oxygen atom are present in it ? 

(a) The molecular formula of carbon dioxide is CO,. 

I mole of carbon dioxide contains 6:023» 10** molecules of 

carbon dioxide. 
0*4 mole of carbon dioxide contains 6023 x 10** x 9:4 

or, 2:4092x10?* molecules of carbon dioxide. 

Now, I molecule of carbon dioxide contains 2 atoms of oxygen, 
2:4092 x 10?* molecules of carbon dioxide contain 
2:4092x10?* x2. or 48184x 10*? atoms of oxygen. 

(b) 6:023x 1024 atoms of oxygenz] mole of oxygen atoms, 
4*8184 x 10** atoms of oxygen 

aries je m0 moles of oxygen atoms. 
04 mole of carbon dioxide contains 0'8 moles of oxygen 


atoms. 
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8. How many grams of hydrogen are needed to react completely 


with 128 grams of oxygen ? 
Hydrogen reacts with oxygen according to the following 


equation : 
2H, + O; = 2H,O 
2x2 gram 32 gram 2x18 gram 


32 grams of oxygen react with 4 grams of hydrogen. 
128 grams of oxygen react with 
4x128 
32 
Hence 16 grams of hydrogen are needed to react completely with 
128 grams of oxygen. 
9. How many moles of hydrogen will be required in order} to 
react completely with 1597 grams of Fe,O, ? 
(Mol. wt. baiulo 
3H, + Fe,0, = 3H,O + 2Fe 
3 moles of hydrogen react with 1 mole of FeJO,. 
Now, 159*7 grams of Fe,O; 21 mole of Fe,O 
1597 grams of Fe,O, 2:10 moles of Fe,O;. 
Now, 1 mole of Fe,O, reacts with 3 moles of hydrogen. 
10 moles of Fe,O, react with 30 moles of hydrogen. 
1597 grams of Fe,O, react with 30 moles of hydrogen. 


=16 grams of hydrogen. 


EXERCISE 
I 


1. Define the terms—(a) atom, (b) molecule, (c) atomic weight, and 
(d) molecular weight. 

What do you understand by the absolute weight of an atom and a molecule ? 

2. Distinguish between element and compound giving examples of each. 

3. Which of the materials listed below are (a) elements, (b) compounds, or,*; 
(c) mixtures ? 

(i) Milk, (if) Calcium, (iii) Iron, (iv) Calcium carbonate, (v) Alum, 
(vi) Blood, (vii) Aluminium, (viii) Iodine, (ix) Table salt, (x) Sugar," 
(xi) Sand, (xii) Copper. 

4. What are symbols and formulas? What is the complete significance of 
the symbol *O'? With whom did modern symbols have their origin ? What is 
the significance of the formula, H2O ? What informations can be deduced from 
this formula ? 
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Is it correct to write the formula Hi'sOo's ? If not why ? 

5. What do you understand by valency of elements ? How isit measured ? 

6. ‘The valency of an element can vary". Explain the statement clearly 
with examples. 

7. What do you understand by ‘‘structural formula" ? What are “‘saturated’’ 
and “unsaturated” compounds ? 


8. Write down the formula of the following compounds and calculate their 
moelcular weights. 


(a) Sodium chloride (g) Stannic chromate 
(b) Ammonium carbonate (h) Copper nitrate 
(c) Calcium sulphate (i) Potassium chlorite 


(d) Phosphorus pentoxide (j) Barium permanganate 
(e) Magnesium phosphate (k) Iron (II) sulphate 
(f) Tin(IV) chloride (1) Calcium hydride. 

9. Whatisa chemical equation? What informations are expressed in a 
chemical equation? Why must chemical equations be balanced? What are 
the limitations of a chemical equation ? 

10 Write equations for the reactions that occur when 

(a) Sulphur and oxygen combins to form a compound having formula, SOs, 

(b) Iron and chlorine combine to form the compound, FeCI s. 

(c) Sodium reacts with water to form hydrogen and the compound, NaOH, 

(d) Phosphorus reacts with oxygen to form phosphorus pentoxide. 

(e) The reactants are CaBra and H»SO,, and the products are CaSO, 
and HBr. 

(f) Tno two compounds Ca(OH), and H;PO, react to form water and 
Ca,(PO,4)s. 

(g) Tho reactants are CH, and chlorine, and the products are chloroform 
(CHCI4) and HCI, 

(h) The reactants are N, and Hg, and the product is NHs. 

(i) Potassium chlorate (KCIO;) when heated gives potassium chloride 
and oxygen. 

(j) The compound, FesOs, reacts with hydrogen to form iron and water, 

11. Translate the following equations into symbols. 

(i) Sodium hydroxide +sulphuric acid = Sodium sulphate 4- water. 

(ii) Calcium carbonate (limestone) 4-hydrochloric acid = 

Calcium chloride +water+carbon dioxide 
(iii) Zinc--sulphuric acid = Hydrogen +zinc sulphate, 
(iv) Ferrous sulphide + sulphuric acid = Ferrous sulphate 
+sulphuretted hydrogen* 
(V) Silver nitrate +potassium chloride =Silver chloride + potassium nitrate. 
(vi) Barium chloride sodium sulphate = Barium sulphate +sodium chloride, 
(vii) Lead acetate +potassium chromate = Lead chromate 4- potassium acetate, 


5 
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(vili) Copper sulphate +sulphuretted hydrogen =Copper sulphide 1 
+sulphuric acid. 
(ix) Calcium oxide +water= Calcium hydroxide (slaked lime) 
(x) Stannic chloride - Stannous chloride 4-chlorine. 
.. (xi) Sodium carbonate + hydrochloric acid = Sodium chloride 4- water 
z tcarbon dioxide. 
(xii) Ammonia+oxygen = Nitric oxide +water. 
12. Balance the following equations : 
(a) NaOH+HCl-+NaCl+H20 
(b) FesO5- Ha-»Fe--H;O 
(c) NasOs4-H,O- NaOH -Os 
13. Balance the following equations by algebraic method : 
(i) NaCI4-HsSO, -- M20s- NaHSO, + MnSO, -- H,O-4 Clo 
(ii) Pbs0,+HCl+PbCle+H20+Cle 
(iii) KMnO, 4-H;SO, 4 HS» K 550, -- MnSO, 4-H30--S 
(iv) Ig+NaOH-+Nal+NalO,+H2O 
(v): KMnO, +H2S04+H20o-K 2S0, + MnSO, 4-H30 4-Os 
(vi) FeSO,--H380, -- Ha05-» Fes(SO,)s--HoO. 
(vii) HI+HgSO.>Ip+S02+H2O 
14. Prove the following : 
(a) One gram-atom of al] elements contain the same number of atoms. 
(b) One gram-molecule or one mole of all substances contain the same 
number of molecules. 


15. Write notes on (a) allotropy, (b) catalysis, (c) thermal dissociation 
and thermal decomposition. 


I 
1. How many gram-molecules and molecules are present in 10 grams of 
calcium carbonate ? [Ans. 0*1 gram-molecule , 0:6023 x 1073] 


2, How many oxygen atoms are present in 9'8 grams of sulphric acid ? 


[Ans, 24692 x 105] 
3. How many carbon atoms and moles of oxygen atoms are present in 1:76 


grams of carbon dioxide ? (Ans. 2:4092x 1022 ; 0:08 moles] 
4. Has the molecule of chlorine greater weight than that of sodium ? 
If so why ? [Ans. Yes.] 


5. Which one has greater number of molecules ? 
(a) 20 grams of calcium carbonate and 20 grams of sulphuric acid. 

[Ans. Second compound) 

(b) 2 grams of hydrogen and 20 grams of nitrogen, [Ans, First compound.] 

(c) 10 grams of carbon dioxide, 10 grams of calcium carbonate and 10 grams 

of sulphuric acid, [Ans. First compound.] 

(d) 6grams ofcarbon dioxide, 6 grams of sulphur dioxide and 6 grams of 


nitrogen dioxide, [Ans. First compound.] 
Explain your answer, 
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6. If water and acetone (CsH,O) are mixed in the ratio of 1:1 (by weight), 
thon what will be the ratio of gram-moles in the mixture? What will be the 


ratio of moiecules in the mixture ? (Ans. 29:9] 
7. 3:42 grams of sugar are dissolved in 1°8 grams of water. What is the 
number of oxygen atoms in the mixture ? [Ans. 126483x19?:] 


8. Oxygen and hydrogen are mixed in the ratio of 2 : 3 by weight. 

(a) What is the ratio of molecules of the two gases in the mixture ? 

(b) What is the number of hydrogen molecules in the mixture ? 

[Ans, (a) 1:24 (b) 1:8069 x 1099] 

9. 1 gram of naphthalene (C,,Has) is dissolved in 10 grams of ethyl 
alcohol ( CgH4OH ). 

(i) What is the number of molecules of naphthalene in 1 gram of the 
solution ? 

(ii) What is the number of molecules of naphthalene in 1 gram of ethyl 
alcohol ? (Ans. (i) 3:83x10*9 (li) 42161:x10*^] 

10. How maay moles of hydrogen will react with 7:95 grams of cupric oxide ? 
Cu =63'5 [Ans. 0'1 mole] 

il, How many moles of carbon dioxide will be evolved when 10 grams of 
calcium carbonate are heated ? Ca=40 [Ans. 0'1 mole] 


CHAPTER III 


THE LAWS OF CHEMICAL CHANGE AND THE 
ATOMIC THEORY 


8.1. Introduction. To the alchemists, chemical reactions 
must have seemed mysterious beyond comprehension. Modern, 
chemistry had its beginning with the development of quantitative 
technique by which meaningful experimental data concerning 
chemical reactions were first obtained. Out of such data have 
come most of the laws and theories of chemical science. The 
study of chemical reactions from the quantitative standpoint is 
called stoichiometry. 


8.2. The laws of chemical combination by weight. There 
are five laws which describe how compounds are built up of 
elements : 

(1) The law of con- 
servation of mass. 

(2) The law of 
definite proportions. 

(3) The law of | 
multiple proportions. 

(4) The law of 
reciprocal proportions. 

(5) The law of 
gaseous volumes. 

Of these the first four 
laws are related to the 
weights of the com- 
bining elements and are 
known as laws of stoi- 
chiometry. The last law 

Fig. 3.1. Lavoisier (1743—1794). deals with the volumes - 
of the combining gases. 

(1) Law of conservation of mass or the law of indestructibility 
of matter. Till now, we have known that whenever a chemical 
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reaction occurs, the reactants disappear and new kinds of matter 
are formed, At the same time, energy, often in the form of heat, 
is either evolved by the reactants to the surroundings or absorbed 
‘from them. 


Most fundamental of the laws governing the behaviour of mass 
or matter in a chemical reaction, is the Jaw of conservation of mass 
or matter. Tt states that mass can be neither created nor destroyed. 
Whenever a chemical process is carried out, the total mass of the 
reactants is equal to the total mass of the products of reaction. 
Early scientific workers assumed the existence of this law. Lomo- 
nosov in 1756 and Lavoisier in 1774 verified the law experimentally. 
They calcined tin ina sealed flask and found that no change of 
weight took place, 


Experimental verification of the law of conservation of mass- 
Experiment 1. A conical flask containing potassium chloride 
solution is taken, A test tube containing silver nitrate solution is 
next placed into the flask. The flask is then corked and weighed. 
The conical flask is then tilted when the following reaction occurs : 

KCl+AgNO,=AgCl1+KNO, 
When the reaction is complete, the flask is reweighed. No 
alteration in the weight is observed. This proves that the total 
mass of the reactants is equal to the total mass of the products. 

Experiment 2. Landolt’s experiment. Between 1893 and 1908, 
Landolt carried out a series of experiments with the object of 
testing the truth of the law. He chose fiftéen reactions in which 
the evolution or absorption of heat is negligibly small, one of these 
reactions is taken as an example : 

Solutions of hydriodic acid and of iodic acid are mixed to yield 
water and a precipitate of iodine. 

S5HI+HIO,=31,+3H,O0 

The experimental arrangement of Landolt is shown in fig. 3.2. 
The solution of hydriodic acid is placed in one limb of the H-tube 
and the solution of iodic acid in the other limb. The H-tube is 
then sealed. The tube is then accurately weighed by means of a 
balance sensitive to 1 part in 10,000,000. It is then removed from 
the balance and inverted so that the solutions can mix well with 
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each other and the reaction takes place. The tube is then allowed 
to stand foralong time so that it may attain the temperature ‘of 
the room. When the tube is again weighed. 
by the balance, its weight is found to remain 
unchanged. 

Relation between the law of conservation. 
of mass and the law of conservation of 
energy. These two laws together form the 
basis of all experimental investigations. 
It is now believed that mass and energy are 
interconvertible. The relation between mass 
and energy is given by an important equation 

Fig. 3.2 known as the Einstein equation : 
E-mc? 

In this equation, E is the energy corresponding to a mass, m, 
and c is the velocity of light. The velocity of light c is 
2:9979 x 101° cm,/sec which is one of the fundamental constants of 
nature. 

From the Einstein equation, it is evident that an evolution of 
energy ina chemical reaction should be accompanied by a loss 
of mass equal to E/c?. Mass is, therefore, no longer regarded as 
indestructible by a chemical change. However, the mass lost by 
conversion to energy is so small in comparison with the 
quantities of matter taking part in chemical reactions that it is 
quite beyond detection by the most sensitive balance. For 
example, 1 calorie of heat* is equivalent to 4:6 x 10714 gram. 
When 12 grams of carbon are converted to carbon dioxide 
25,400 calories of heat are evolved. Hence, the decrease in mass. 
will be 4°6 x 10-24 x 25,400 or 11:684 x 10719 gram. Such a minute 
mass cannot be detected even by the most sensitive balance. 
Thus, the emission of energy in normal chemical reactions is 
accompanied by change in mass which is so minute that it is 
convenient to state the laws of mass and energy Separately. But 


*m- 1cal 42x lü"erg 
&- 9x10? (cm/sec)? - 9x 10° *(cm[sec;? 
=4°6x 10-2‘ gram 
^ Lealorie «46x 10714 gram. 
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when the absolute precision is required, the two laws are combined 
into a single law known as the law of conservation of Mass-Energy 
which may be stated as : 


The sum of the quantity of matter and the energy in an isolated ' 
system is always constant. 


(2) The law of definite or constant proportions. The 
law of constant or definite proportions was enunciated by. the 
French Chemist, Joseph Louis Proust, in 1799. It states that : 
Different samples of a given chemical compound always contain the 
same elements united in the same definite proportions by weight. 

Let us have different samples of the compound MN which 
contains the elements M and N. The different samples of the 
compound MN have been prepared in different ways. Then the 
law states that all the samples of the compound will contain the 
same elements M and N and no other elements. If in a sample of 
MN, m grams of M unite with n grams of Nand in another sample 
of MN, x grams of M unite with y grams of N, then the law states 
that . 


Illustrations. (1) It was found by analysis that two elements, 
hydrogen and oxygen, are present in the compound, water, in the 
proportion by weight 1:8. One gram of hydrogen combines 
with 8 grams of oxygen to form 9 grams of water. Different samples 
of water can be obtained from different sources. Then the law 
of definite proportion states that each and every sample of water 
collected from different sources contains the same elements, 
hydrogen and oxygen, united in the same ratio 1 : 8. 


(2) Sodium chloride can be prepared by different methods, 
It can be obtained from different sources, i.e., from sea water, from 
inside the mines, etc. Now, when all the samples of sodium chlo- 
ride are analysed, it is invariably found that in every sample 23 
grams of sodium are combined with 35:5 grams of chlorine 
to form 58:5 grams of sodium chloride. This proves that in all 
samples of sodium chloride, sodium and chlorine are present in 
the fixed definite ratio 23 : 35-5. i 


L 
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Experimental verification of the law of definite proportions. 
Let us take three different samples of cupric oxide and call them as 
sample no. 1, sample no. 2, and sample no. 3. These three samples 
of cupric oxide are prepared by three different methods. 

Preparation of sample no. 1. Copper turnings are dissolved 
into 1 : 1 nitric acid. The solution thus formed is evaporated to 
dryness. The green copper nitrate which is formed is strongly 
heated when it decomposes to yield black cupric oxide. 

Preparation of sample no- 2. Toa solution of copper turnings 
in nitric acid, sodium carbonate solution is added in excess, when 
blue precipitates of copper carbonate are formed. The solution is 
filtered, and the precipitates are washed and dried. On being 
ignited, the precipitates give black cupric oxide. 

Preparation of sample no. 3. Toa solution of copper sulphate 
in water, sodium hydroxide is added in excess when pale blue 
precipitates of cupric hydroxide are formed, The solution is 
filtered and the precipitates are washed, dried and heated to give 
black cupric oxide. 

Experiment with sample no.1. A porcelain boat is cleaned 
and dried. It is then weighed by means of a sensitive balance. The 
process of cleaning and drying is repeated till a constant weight 
is obtained. Then a small amount of cupric oxide from sample 
no. | is taken into the boat and weighed again. A hard glass tube 
is clamped in a horizontal position as shown in fig. 3.3. The 


1 d 
i 


Fig. 3.3 


boat, with cupric oxide is now introduced into the tube 
through which dry hydrogen gas is passed, The tube is heated 
strongly when cupric oxide is reduced. to metallic copper. After 
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the reaction is complete, the boat with reduced copper is cooled 

in a slow stream of hydrogen in the tube. It is taken out of the 

tube, kept for some time ina desiccator and weighed again. The 

boat is again introduced into the tube and heated again ina 

stream of hydrogen gas. The process is repeated untila constant 

weight of the boat is obtained. The data so obtained are represented 

as follows : 

Weight of the empty boat — W, grams. 

Weight of the boat -- cupric oxide — W, grams. 

Weight of the boat+copper=W, grams. 

Weight of cupric oxide=(W, — W) grams. 

Weight of copper=(W, —W,) grams, 

-.. Weight of  oxygn-(W,—- W,)-(W, -W;)-(W, - Wa) 

grams. 
Hence, the percentage of copper in cupric oxide (Or -W3 X 100 


The percentage of oxygen in cupric oxide 4 — a) x 100 
(W,- Wi) 


The actual experimental result is: 9; Cu— 79:89 ; % oxygen 
20:11. In other words, 100 grams of CuO contain 79:89 grams of 
copper and 20*11 grams of oxygen and hence 79:57 (i.e., 63:57--16) 
grams of cupric oxide contain 63°57 grams of copper and 16 grams 
of oxygen. 

Hence, in sample no. 1, copper and oxygen are present in the 
proportions by weight 63°57 : 16. . 

The experiment is repeated with samples no. 2and 3. It is 
found that copper and oxygen are present in all these different 
samples in the same proportion by weight, i.e., 63°57 : 16. 

The converse of the law of definite proportions is not always 
true, That is, the same elements may combine in the same definite 
proportions by weight to give two or more different compounds. 
Hence, if it is found that two compounds have the same composition 
by weight, it does not necessarily follow that they are one and the 
same substance. This is due to the existence of the phenomenon of 
isomerism. These different compounds with the same composition 
are called isomers. Urea CO(NH,;)g and ammonium cyanate, 
NH,CNO have the same chemical composition and the same mole- 
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cularformula, N/H,CO, yet they are entirely different in their 
properties. Butyl alcohol, C,H,OH, and ethyl ether (C,H,),O 
are further examples of isomers. 


There are exceptions to the law of definite proportions. For 
example, the two isotopes of lead, viz., Pb-206 and Pb-208 are 
obtained from two different sources. Hence, if two samples of 
Pb(II) chloride are prepared from lead, obtained from these sources 
then their molecular weights will be (2064-2x35:5)—277 and 
(208+ 2 x 35-5)=279 respectively. Therefore, the ratio by weight 
of lead and chlorine in the above samples of Pb(II) chloride will 
be different. 

Hence, the law of definite proportions is applicable to the 
compounds of the elements whose atomic weights remain invariable 
from whatever sources they may be obtained. 

2. The law of multiple proportions. The law of multiple 
proportions was formulated by John Dalton in 1803. It states that 
when two elements combine to form two or more different compounds, 
the several weights of one element which combine with the same 
weight of another element are in the ratio of small integers. 


Illustrations. (i) The law may be illustrated by the two 
compounds of hydrogen and oxygen, viz,, water and hydrogen 
peroxide. It is found by experiment that 

(a) in water, 1:008 grams of hydrogen unite with 8 grams of 
oxygen to form 9:008 grams of water. 

(b) in hydrogen peroxide, 2:016 grams of hydrogen combine 
with 32 grams of oxygen, i.e., 1-008 grams of hydrogen combine 
with 16 grams of oxygen to form 17:008 grams of H,O,. 

Thus, in these compounds, the different weights of oxygen, viz., 
8 grams and 16 grams combine with the same weight of hydrogen 
(viz., 1*008 grams). 8 grams and 16 grams are in the ratio of small 
integers 1 and 2 (i.e., 8 gram : 16 gram or 1 : 2). 

(ii) There are five different compounds of nitrogen and oxygen. 
It is found by analysis that 

(a) in introus oxide, N,O 
14 grams of nitrogen unite with 8 grams of oxygen to form 
22 grams of nitrous oxide. 
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(b) ` in nitric oxide, NO 
14 grams of nitrogen unite with 16 grams of oxygen to form. 
30 grams of nitric oxide. 
(c) in nitrogen trioxide, N,O, 
14 grams of nitrogen unite with 24 grams of oxygen to 
form 38 grams of nitrogen trioxide. z 
in nitrogen tetroxide, N,O, 
14 grams of nitrogen unite with 32 grams of oxygen to 
form 46 grams of nitrogen tetroxide. 

(€) in nitrogen pentoxide, NaO; 

14 grams of nitrogen combine with 40 grams of oxygen to 
form 54 grams of nitrogen pentoxide. 

In all these compounds, the different weights of oxygen, viz., 8 
grams, 16 grams, 24 grams, 32 grams and 40 grams combine with 
the same weight (viz., 14 grams) of nitrogen. Now 8, 16, 24, 
32 and 40 are found to be in the ratio of small integers, i.e., 
1523.2 S 

(iii) The law can also be illustrated by the two compounds of 
carbon and oxygen. By analysis of these compounds, we find that 

(a) in carbon monoxide, CO, 

16 grams of oxygen combine with 12 grams of carbon to 
form 28 grams of carbon monoxide. 

(b) in carbon dioxide, CO,, 

16 grams of oxygen unite with 6 grams of carbon to form 
22 grams of carbon dioxide. 
Thus, in these two compounds, the same weight of oxygen, viz., 16 
grams combine with different weights of carbon, viz., 12 grams and 6 
grams which are in simple ratio 2 : 1. 

(iv) Iron unites with chlorine to form two different compounds, 
viz., ferrous chloride and ferric chloride. By analysis of these two 
compounds of iron, we find that 

in ferrous chloride, FeCl,, 

i 71 grams of chlorine unite with 55 84 grams of ironto form 
126:84 grams of ferrous chloride. 
in ferric chloride, FeCl, 
106°5 grams of chlorine unite with 55:84 grams of iron to 
form 162:34 grams of ferric chloride. 


(d 


— 
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Thus, different weights of chlorine, viz., 71 grams and 106°5 
grams unite with the same weight of iron. They are in the ratio 
71 :106°5 or 2: 3. 

(v) Finally, we shall illustrate the law with the four hydrides 
of carbon. We find by chemical analysis that 

(a) in case of acetylene, C,H, : 

24 grams of carbon unite with 2 grams of hydrogen to form 
26 grams of acetylene. 

(b) inethylene, C,H,, 

24 grams of carbon unite with 4 grams of hydrogen to form 
28 grams of ethylene. 

(c) inethane, C,H, : 

24 grams of carbon unite with 6 grams of hydrogen to form 
30 grams of ethane. 

(d) in methane, CH, : 

12 grams of catbon unite with 4 grams of hydrogen to form 
16 grams of methane, i.e., 24 grams of carbon unite with 8 
grams of hydrogen to form 32 grams of methane. 

"Thus, in all these hydrides, the different weights of hydrogen, 
viz., 8 grams, 6 grams, 4 grams and 2 grams have united with the 
same weight of carbon, viz,, 24 grams. They are in ratio 8: 6:4: 2 
0r4:3:2:1. 

Experimental verification of the law. Copper forms two 
well defined oxides called respectively the cuprous oxide (Cu, O) 
and cupric oxide (CuO). These two oxides can be easily reduced 
to metallic copper by hydrogen. Hence, they are most suitable 
for the verification of the law. Two porcelain boats are taken and 
marked as boat no. | and boat no. 2. They are cleaned and dried 
and weighed till a constant weight is obtained. 

Now, some amount of dry black cupric oxide are taken into the 
boat no.1and weighed. Then the boat is placed in a hard glass 
tube placed horizontally as shown in the figure 3.3. The oxide 
is heated in a stream of hydrogen gas when it loses its oxygen which 
combines with the hydrogen to form water, 

CuO--H, —Cu--H,0 

When the cupric oxide has been completely reduced, the Bunsen 

burners are removed and the reduced copper is allowed to cool 
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inastream of hydrogen. When quite cold, the boat and its 
content are weighed. The boat and its content are again placed 
in the tube and heated in a stream of hydrogen again. The process 


is repeated until a constant weight of the boat is obtained. 
The same experiment is performed with boat no. 2 containing 
cuprous oxide. The experimental data are represented as follows : 


Boat no. 1 
containing CuO 


Boat no. 2 
containing cuprous oxide, Cu,O 


Let us suppose that 
(i) weight of empty boat 
=W, grams. 
(ii) weight of boat 4- 
cupric oxide— W , grams. 
(iii) weight of boat+ 
metallic copper=W, grams. 
weight of copper= 
(W, —W,) grams. 
weight of oxygen= 
(W, —W;,) grams. 
Hence, (W, — W,) grams of copp- 
er unite With(W, — W,) grams of 
oxygen. Therefore, 6357 grams 
W.-W, 
AL 1 
x63:57 grams—x grams (say) of 
oxygen. 


of copper combine with 


Let us suppose that 
(i) the weight of empty boat 
=a grams. 
(ii) the weight of boat-+cuprous 
oxide—b grams. 
(iii) the weight of boat--copper 
—c grams. 
weight of copper=(c—a) 
grams. 
weight of oxygen— (b —c) grams. 


Hence, (c~a) grams of copper 
combine with (b—c) grams of 
oxygen. Therefore, 63°57 grams of 


copper unite with (b=0) 63:57 
(c—a) 


=y grams (say) of oxygen. 


It is found by actual experiment that x grams and y grams of 
oxygen which have combined with the same weight of copper are in 


the ratio 2: 1. 


The discoyery of isotopes has shown that the law of multiple 


proportions is not of absolutely universal application. For example, 
lead (II) chloride, PbCl, can be prepared from Pb-206 obtained 
from uranium mineral and lead (IV) chloride, PbCl, can be prepared 
from Pb-208 obtained from thorium mineral In these two com- 
pounds, the different weights of lead (viz., 103 grams and 52 grams). 
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which combine with the fixed weight of chlorine (35:5 grams) are in 
the ratio 103 : 52. This is not the ratio of simple integers. Hence 
the law of multiple proportions is not applicable to these 
compounds. 

Therefore, the law of multiple proportions is applicable to 
compounds prepared from the same isotope ofthe element or from 
elements in which the proportions of their isotopes always remain 
fixed. Except a few elements, the proportion ofthe isotopes remain 
fixed in most elements. For this reason, the law of multiple 
proportions is found to be true in most cases. 

3. The law of reciprocal proportions. This law was dis- 
covered by Richter in 1792. It states that the proportions by 
weight in which two elements separately combine with another element 
are in a simple ratio to the proportions by weight in which the 
two elements combine with one another. 

* . Lettheelements A and B combine with another element C to 
form the compounds AC and BC. Letus suppose that in AC, x 
grams of A combine with ‘a’ grams of C; in BC, y grams of B 
combine with ‘a’ grams of C. 

Then the proportion by weight in which A and B combine with 
the element C is x :y. The law states that the proportion by weight 
in which A and B combine with one another should be equal to 
mx : ny where m and n are small whole numbers. 

Illustrations. (a) Let us consider the three elements carbon, 
hydrogen and oxygen. Hydrogen and oxygen can unite with carbon 
to produce methane and carbon dioxide respectively. Again, they 
can combine among themselves to form water and hydrogen peroxide. 

(i) In methane, CH,, 12 grams of carbon are combined with 4 
grams of hydrogen, 

(ii) In carbon dioxide, CO, 12 grams of carbonare combined 
with 32 grams of oxygen. 

Hence, the proportion by weight in which nydrogen and oxygen 
combine with carbon is 4: 320r1:8. Now, 

(i) In water H,O ; 2 grams of hydrogen combine with 16 grams 
of oxygen. 

(ii) In hydrogen peroxide, H,O, ; 2 grams of hydrogen combine 
with 32 grams of oxygen. 
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In water, the proportions by weight in which hydrogen and 
oxygen combine is 2 : 16 or 2x 1 : 2x8, Hence, m=n=2 ^ 

In hydrogen peroxide, the ratio is 2; 320r2x1:4x8. 

Hence, m=2 and n=4. 

(b) The law can be illustrated by the following three compounds. 

(i). In carbon dioxide, CO,, 12 grams of carbon combine with 
32 grams of oxygen. 

(ii) In sulphur dioxide, SO,, 32 grams of sulphur combine with 
32 grams of oxygen. 

Hence, proportion by weight in which carbon and sulphur com- 
bine with oxygen is 12 : 32 or 3 : 8. 

(iii) In carbon disulphide, CS,, 12 grams of carbon combine 
with 64 grams of sulphur. 

Hence, the proportion by weight in which carbon and sulphur 
combine with each other=12 : 64 or 3: 16—1x3:2x8 

Hence, m=1 and n=2. 

The law of reciprocal proportion implies that when elements are 
brought into combination, numbers known as equivalents can be 
assigned to the elements, such that the ratio of the weights in which 
elements react is equal to the ratio of their equivalents. For this 
reason, the law is also known as the law of equivalent proportions 
or the law of combining weights. 

8.3. Gay-Lussae's law of combining volumes. In 1805, 
Gay-Lussac carried out some experiments on reactions between gases 
from which he enunciated a law known as the law of combining 
volumes, The law may be stated as : 


The volumes of gases (at the same temperature and pressure) that 
react with one another or are produced in a chemical reaction are in 
the ratio of small whole numbers. 


Illustrations. (1) When 200 c.c. of hydrogen are mixed with 
a large volume of oxygen, these two gases react to form water, the 
volume of oxygen used up in the reaction is exactly 100 c.c. 
Although much more oxygen than this are present in the reaction 
system, only 100 c.c. are actually used to form 200 c.c. of gaseous 
water, i.e., steam, This experimental result is described by saying 
that two volumes of hydrogen [ 200 c.c.—(2x 100) ] react with one 
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volume of oxygen to form two volumes of steam and their volumes 
are in the ratio 2:1 : 2. 


2 volumes 1 volume 2 volumes 
Fig, 34 
(2) When the reaction between gases, hydrogen and chlorine, is 
studied, it is found that | litre of hydrogen is exactly enough to 
react completely with | litre of chlorine to produce 2 litres of the 
gas, hydrogen chloride. Or, 1 volume of hydrogen combines with 
1 volume of chlorine to yield 2 rige of hydrogen chloride! and 


^ their volumes are in the ratio 1 : 1 : 2. 
drogen ] 
+ uS chloride. chloride 
1 volume 1 volume 2 volumes 
Fig. 3.5 


(3) Similarly, it is found that one volume of nitrogen reacts 
with three volumes of hydrogen to yield 2 volumes of ammonia and 
volume relationship. is 


their volumes are in the 
v Carbon 
V (solid) + 
van 
1 volume 1 volume found to exist, For 


ratio 1 : 3: 2, 
dn — Fig. 3.6 example, 1 litre of 


(4) When the sub- 
stances other than gases 
oxygen reacts with solid carbon to yield 1 litre of carbon dioxide. 


take part in the reaction, 
the same kind of. 
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Or, one volume of oxygen reacts with solid carbon to yield one 
volume of carbon dioxide and the volume of oxygen and the 
volume of carbon dioxide are in the ratio of two small whole 
numbers, i.e., 1 : 1. 

3.4. Dalton's Atomic Theory. The laws of conservation of 
mass, definite proportions, and reciprocal proportions were dis- 
covered* from the experimental facts 
concerning chemical change. There 
must exist some orderly state of affairs 
which gives rise to the simple laws noted. 
Thus, there is a need to formulate a 
theory which can explain all such laws, 

The man who proposed such a theory 
concerning the fundamental nature of 
chemical species was John Dalton, an 
English School Master. In 1808, in 
orderto explain chemical behaviour, he 
made simple postulates which are now Pig. 3.7: John Dalton 
collectively known as Dalton’s Atomic ( 1766—1844 ) 
Theory. These are; 

(i) Elements are composed ultimately of very minute, discrete 
particles called atoms. Atoms remain undivided in all chemical 
changes. 

(ii) Each kind of atom has a definite weight. 

(iii) Atoms of the same element are identical in all properties 
and equal in weight. 

(iv) Atoms of the different elements have different properties 
and differ in weights. 

(v) Compounds are formed by the union of integral numbers 
ofatoms of different elements in simple numerical proportions 
251:1,1:72;213, 1::92886; 

Thus, when the two elements A and B combine chemically to 
form a compound, it is the individual atoms of the element A 


*Note: Tho law of multiple proportions was not induced from experimental 
results, but was derived from the Dalton's atomic theory and was then tested by 
experiments. 


6 
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and B that undergo change. The union of the atoms of A and B 
takes place in numerical ratios as follows : 

(i) 1 atom of A unites with 1 atom of B. numerical ratio 1:1 

(ii) 1 atom of A unites with 2 atoms of B. numerical ratio 1:2 
(iii) 2 atoms of A unite with 1 atom of B. numerical ratio 2:1 

(ivy) 2 atoms of A unite with 3 atoms of B. numerical ratio 2 : 3, etc. 


It will be interesting to examine the Dalton’s postulates in the 
light of the modern theories regarding the structure of matter. It is 
seen in the light of the modern nuclear theory that the postulates 
are not rigorously true. But as far as fundamental viewpoint 
is concerned, Dalton's atomic theory is valid and sufficient for the 
calculations in chemical stoichiometry. He assumed that the atoms 
are indivisible but actually they can undergo decomposition. In 
natural radioactivity, the atoms of elements such as uranium and 
radium are undergoing decomposition into simpler atoms. In 
recent years, the splitting of the atoms of some of the elements into 
simpler atoms has been possible. Again, Dalton assumed that all 
atoms of the same clement have the same weight but at present it 
has been found by sophisticated physical method that all atoms of 
the same element do not have the identical weights (isotopes). 
However, when a chemical change takes place, so many number of 
atoms are involved and mixed together that any collection of them 
will have statistically the same average atomic weight. It is this 
average atomic weight which is important in chemistry. Thus, 
although our knowledge about the structure of matter have become 
much more sophisticated, the basic truth of the Dalton’s atomic 
theory remains untarnished. This can be realised when it is applied 
to explain the laws of chemical stoichiometry. 


8.5. Explanation of the laws of chemical change. The laws 
of chemical combination by weights discussed in the preceding 
paragraph can be derived from the Dalton’s ato nic theory. 

(1) The law of conservation of mass. According to Dalton, 
atoms are indivisible and cannot be created or destroyed. Hence, in 
a chemical reaction, though the atoms interchange partners, their 
nature and number before and after the reaction remain unchanged. 
As cach atom has'a definite mass, the total mass before and after the — 
chemical reaction must be constant. 
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As a concrete example, let us consider the formation of water 
from the clements, hydrogen and oxygen. The atomic theory 
explains this reaction as the union of two atoms of hydrogen and 
one atom of oxygen to yield one molecule of water. One molecule 
of water also contains two atoms of hydrogen and one atom of 
oxygen. The total number of atoms before and after the reaction 
thus remains the same. Since the mass of each atom is invariant, 
mass of one molecule of water is equal to the sum of the masses of 
two atoms of hydrogen and one atom of oxygen, 


(2) The law of definite proportions. According to the atomic 
theory, a compound is formed by the union of integral number of 
atoms in simple numerical proportions and each atom has a definite 
weight, 

Let m atoms of the element A unite with n atoms of B to form 
the compound Am B, where m and n are small whole numbers. 
Let each atom of element A has a definite weight x grams and each 
atom of B has a definite weight y grams. The ratio m:n must be 
constant for the compound A, B, since by atomic theory atoms 
are not created or destroyed in forming a particular compound. 
Hence, in all samples of the compound Am B, we must have, 

weight of A. mx weight of one atom of A. mxx - 

AE ofB nx eS of one atom of B nxy pe leas 

This means that the compound A,, B, has a definite composition 
by weight, This is the law of definite proportions. Hence, the 
weights of m atoms of A, ie. mxx grams and the weights of n 
atoms of B, i.c., nxy grams are constant for the particular com- 
pound, Am Bn» 

(3) The law of multiple proportions. Let us assume that the 
two elements A and B unite with each other to give two different 
compounds, viz., A,, B, and A,B, where m, n, sandr represent the 
number of atoms. Let the weight of each atom of A is x grams and 
weight of each atom of B is y grams. By Dalton's atomic theory, 
the weights of each atom of A and B in AB, are the same as the 
weights of each atom of A and B in A,B, and m, n, s, and r are small 
integers. Now, in A,»B,, the weights of m atoms of A are mxx 
grams and the weights of n atoms of B arc nxy grams. Hence, in 
AmB, mxx grams of A combine with n x y grams of B. 
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x grams of A combine with axy grams of B. 


Similarly, 
In A,B,, sx x grams of A combine with r x y grams of B 


x grams of A combine with xy grams of B. 


The ratio of the different weights of B which combine with the 

same weight of A, i.e., x grams of A is 

axy, XY ns: mr 
m s 

Since n and s are whole numbers their product ns will also be 
another whole number. Similarly, mr will be equal to a whole 
number. Hence, the weights of B which combine with the same 
weight of A are in the simple ratio, Thus,law of multiple propor- 
tions is derived from the atomic theory. 

(4) The law of reciprocal proportions. Let us consider the 
three elements A, B and C. A separately combines with B and C to 
give two compounds, viz, A;B, and A,C . Let the weight of each 
atom of A, Band Care x grams, y grams and z grams respectively. 
Let us assume that B and C combine together to produce the 
compound B,C,. 

Aecording to the atomic theory, the weight of each atom of A are 
the same in all compounds, Similar is the case with B and C. 
Again, m, n, s, r, p and q represent the number of atoms and are all 
whole numbers. Hence, 

In A4B,, m xx grams of A unite with nx y grams of B 


x grams of A unite with “xy grams of B. 


In A,C,, sxx grams. of A unite with r xz grams of C 
hiz 
8 
Hence, the proportion by weight in which C and B combine with 
the element A is 
nxy.rxz.(ns) „ (y) 
m s (mr) (z) 


Now, in B, C,, pxy grams of B combine with q xz grams of C. 


x grams of A unite wit grams of C. 


(2) 
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Hence, the proportion by weight in which B and C unite is 

E (7:3) 
Therefore, we get from (7:2) and (7:3) 
the proportion by weight in which B and C combine 
with the element A ni 
the proportion by weight in which B and C combine - 
with one another 
E xm x Y 82..nsq ...(ns) , (a) (7:4) 
mr z/qz mr z py mrp (mr) (p) 

Since m, n, p, q, and r are all whole numbers, the numerator 
and denominator of (7:4) are in simple ratio. Thus, we find that the 
law of reciprocal proportions follows from the Dalton's atomic 
theory. 

8.6. Usefulness of Dalton’s atomic theory. (1) Dalton’s 
atomic theory points out that atom is the smallest particle of 
matter. This idea, first of all, threw. light on the structure of 
matter. 

(2) From this theory, it is first known that in chemical reactions 
the atoms of different elements combine together in definite 
proportions to form compounds. 

(3) The laws of chemical combinations except the law of gaseous 
volumes can be explained in the light of Dalton's atomic theory. 

(4). “All atoms of the same elements have the same weights’’— 
this idea was very helpful in the determination of atomic weights. 
On the basis of these atomic weights of the elements the periodic 
table was subsequently drawn up. 

(5) Dalton's atomic theory played an extremely important role 
in the invention of Avogadro's hypothesis. 

(6) “All atoms of the same element have the same weight and 
same properties"—this idea was very helpful in the introduction of 
the symbols and formulas, This idea also helped in expressing 
chemical reactions in the form of equations. 

(7) “Atoms are indivisible smallest particles of matter which 
can take part in chemical reactions"—this idea of Dalton is the 
basic building stone of chemistry. 


S 
H 
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3.1. Drawback of Dalton’s atomic theory. (1) Dalton called 
the smallest particles of both elements and compounds the atoms. 
But the smallest particles of compounds or molecules of compounds 
are formed by the combination of the atoms of the constituent 
elements. There is no mention of the concept of molecule 
in the Dalton's atomic theory. 

(2) Gay-Lussac’s law of combining volumes cannot be explained 
with the help of Dalton's atomic theory. 

(3) After the discovery of isotopes, it has been found that the 
atoms of the same element may have different weights. 

(4) In recent years, the splitting of the atoms of some of the 
elements into simpler atoms has been possible. 

(5) In interstitial compounds and compelx polymers the atoms 
of the constituent elements are not present in the simple ratio of 
small whole numbers. 


Problems 


Ex. 1. Zinc oxide was prepared by two different methods. In 
the first method 1-092 grams of zinc were converted into 1'352 grams 
of oxide by dissolving it into nitric acid and igniting the nitrate. In 
the second method 0°63 gram of the metal was converted into 0°78 
gram of the oxide by dissolving the metal in hydrochloric acid 
precipitating as carbonate and igniting the carbonate. Show that 
these results illustrate the law of definite proportions. 

Method L Weight of oxygen 1:352 — 1:09220726 gram. 
Weightofzinc 1:092 — 
me Weight of oxygen 026 — 
Method II. Weight of oxygen=0°78 —0:63—0*15 gram. 
Weight of zinc _0°63__ 4. 

teen, Weight of oxygen 0°15 sa 

Thus, the ratio is constant for the two samples of zinc oxide. 
This proves the law of constant proportions. 

Ex. 2. A metal forms two oxides. On heating 1 gram of each 
oxide in a stream of hydrogen, 0:798 and 0°888 gram of the metal 
were obtained. Show how these results illustrate the law of 
multiple proportions. [.Cal., '31.] 


42 


d 
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In the first oxide, 
The weight of oxygen (1°00 —0:798) —0*202 grams. 
Hence, 0:798 gram of the metal unites with 0*202 gram cf oxygen. 


0:202. - 
h 0-798 0:2531 gram of 


1 gram of the metal unites wit 
oxygen. 
In the second oxide, 
The weight of oxygen 1:000 — 0:888—0*112 gram. 
Hence, 0'888 gram of the metal unites with 0:112 gram of oxygen. 


1 gram of the metal unites with ong 7071261 gram of oxygen. 
Hence, the weights of oxygen uniting with the same weight of 
the metal are 0:2531 gram and 0*1261 gram and their ratio is 
0°2531 : 0°1261 or 2:1. Thus, the law of multiple proportions is 
illustrated. 


Ex. 8. Tin forms two oxides. In the oxide A, the per cent of tin 
by weight is 88:15 and in the oxide, B, the per cent of tin by 
weight is 78°81. Show that the results agree with the law of 
multiple proportions. 

In the oxide A, per cent of oxygen by weight = 100 - 88°15=11°85 

Hence, 88:15 grams of tin unite with 11*85 grams of oxygen. 


1 gram of tin unites with is gram of oxygen 


Y 20:134 gram of oxygen 
In the oxide B, per cent of oxygen by weight 100— 78:81 —21*19 
Hence, 78°81 grams of tin unite with 21°19 grams of oxygen 
2119 
78:81 
Therefore, the weights of oxygen which combine. with a constant 
weight of tin, viz., 1 gram are as 0*134 : 0:268=1 : 2. Thus, the data 
presented in the problem prove the law of multiple proportion. 


Ex. 4. Ametal M forms two oxides, The oxide A contains 
27:63, of oxygen and the oxide B contains 30:0% of oxygen. If the 
formula of A be M,0,, find that of B. [ Cal., 40 ) 

In the oxide A, the percentage of oxygen— 27:6 
the percentage of metal 72:4 


1 gram. of tin unites with =~ —0:268 gram, of oxygen. 
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Hence, 100 grams of the oxide A contains 27°6 grams of oxygen 
and 72:4 grams of the metal M. Now, the formula of the oxide is 
M,0,. Ifthe atomic weight of M is A, then 

Number of atoms of M 3 72-4/A 
Number of atoms of oxygen 4~ 27°6/16 
(16 is the atomic weight of oxygen) 


—55:936 


72:'4x16x4 
27°6x3 
In the oxide B, the percentage of oxygen=30 
the percentage of the metal —70:0 
Hence, 100 grams of the oxide B contain 30 grams of oxygen 
and 70 grams of the metal M. Hence, 
Number of atoms of M 70/55" 936 2 
Number of atoms ofoxygen ^ 30/16 ^3 
Formula of the oxide B is M,O,. 
Ex. 5. Illustrate the law of reciprocal proportions from the 
following data : 


A- 


Sulphur hydride xygen hydride Sulphur oxide 
H=5:915 H=11°19% 0—49:959; 
S —94:085 0=88'81% S=50-05%, 


In sulphur hydride, 
5:915 grams of hydrogen combine with 94:085 grams of sulphur. 


1 gram of hydrogen combines with A-1591 grams of 


sulphur. 
In oxygen hydride, 
11*19 grams of hydrogen unite with 88:81 grams of oxygen. 
1 gram of hydrogen unites ;with 311977936 grams of 
oxygen 
Hence, the ratio with which sulphur and oxygen combine with 
i 15:91 
th == 
e same weight of hydrogen= 7936 2:004 
Now, in sulphur oxide, 
50°05 grams of sulphur combine with 49:95 grams of oxygen. 
Hence, the ratio with which sulphur and oxygen combine with 


50°05 
each other is 49:9 571 002 
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Thus, the proportion by weight in which sulphur and oxygen 
combine with the same weight of hydrogen is twice the proportion 
by weight in which sulphur and oxygen combine with each other. 
Thus, the law of reciprocal proportions is proved. 

Ex. 6. 1'5 grams of a metal gives 21 gram of its oxide. The 
carbonate of the metal contains 40% of the metal. Calculate with 
the help of the law of definite proportions the amount of the metal 
oxide which will be formed when gram of the carbonate is 
«completely decomposed to form the oxide. 

The weight of metal oxide=2:1 grams. 

The weight of the metal— 1*5 gram 

The weight of oxygen 2:1 — 1:5—0:6 grams. 
weight of the metal 1:5 5 


Hence, in the metal oxide, weight of oxygen 70-672 


Now, in 100 grams of metal carbonate 40 grams of metal are 
present. 


In 1 gram of metal carbonate nt 0*4 gram of the metal is 
present. 

According to the law of definite proportions the ratio of the 
weight of the metal and oxygen will also be the same in the oxide 
obtained from metal carbonate. Hence, 

In the oxide obtained from metal carbonate, 


weight ofthe metal 5 . 0*4 gram piel 
weight of oxygen ^2 `` Weight of oxygen 2 
-.. Weight of oxygen 2 X04 4 gram —0:16 gram t 


The weight of oxide obtained from 1 gram of the carbonate 
=(0'44 0'16)=0'56 gram. 
Ex. 7. Two oxides of a metal M are heated to a constant weight 
fin a stream of hydrogen. 1 gram of each oxide gave 0:12585 gram and 
0:2264 gram of water respectively. Show that the results agree with 
[the law of multiple proportions. [H. S., 73] 
From 1 gram of the first oxide 012585 gram of water is obtained. 
Now in 18 grams of water 16 grams of oxygen are present, 
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16 x qos 


0:12585 gram of water — —— =0'1119 gram of oxygen 


is present. 


In the first oxide 0'1119 gram of oxygen is present. 
Tn the first oxide the amount of metale0:8881 gram 
Hence 0:8881 gram of the metal combine with 0°1119 gram of 
oxygen. 


1 gram of the metal combine with Cry] 0126 gram of 


oxygen, 

From | gram of the second oxide 0:2264 gram of water are 
formed, 

Now, in 02264 gram of waterthe amount of oxygen present 


is 16 xO 0:2013 gram. 


In the second oxide the amount of the metal present 

—1 —0:2013—0:7987 gram, 

0:7987 gram of the metal combine with 0:2013 gram of 
oxygen. 


1 gram of the metal combines with C200 252 gram 


of oxygen. 

The different weights of oxygen which combine with the 
fixed weight of the metal are in the ratio 0*126 : 0252 or 1 : 2. 
This is a ratio of small whole numbers. Hence, the data given in 
the problem illustrate the law of multiple proportions. 


w Ex. 8. When 4 grams of each of the two oxides of the metal M 
are heated to a constant weight in a stream of hydrogen 0*5034 gram 
and 0:9056 gram of water are formed. If the formula of the second 
oxide be MO what will be the formula of the first oxide ? 


From 4 grams of the first oxide of the metal M, 0:5034 gram of 
water are formed. 


Now, 18 grams of water contain 16 grams of oxygen. 
0:5034 gram of water contain 16075094. 0.4476 gram of 


oxygen. 
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In 4 grams of the first oxide 04476 gram of oxygen are 
present. 
Amount of metal present in the first oxide— 3:5524 gram. 
Similarly, in 4 gram of the second oxide, the amount of oxygen 


present— 16x 09096 =0'8098 gram. 


The amount of metal in the second oxide=3*1902 grams. 
Now the formula of the second oxide is MO. 
the number of atoms of M — 1 3:1902/A 
the number of atoms of oxygen 1~ 0°8098/16 
[A —the atomic weight of M] 


Hence, 


A-6303. 
In the first oxide, 
the number of atoms of M 3:5524/63:03 2 


The formula of the first oxide is M,O. 
Ex. 9. Metal M and chlorine combine in different proportions 
to form two compounds A and B. The mass ratio M : Cl is 0*895 1I 
in A and 1:791 : 1 in B. 
(a) which law of chemical combination does this law illustrate ? 
(b) which of the following pairs of formula are correct on the 
basis of the above information alone. 


Compound A Compound B. 
(i) MCI and M,CI 

(ii) MCI and MCI, 

(lii) MCI, and MCI 

(iy) MCI, and M,Cl, 


LL I. T., '69 ] 
This example illustrates the law of multiple proportions. 
In the first chloride, 1 part by weight of chlorine combines with 
0:895 part by weight of the metal. 
In the second chloride, | part by weight of chlorine combines 
with 1:791 part by weight of the metal. 
The different weights of the metal which combine with the 
0:895 


fixed weight of chlorine are in the ratio 1791"! :2. This is a 
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simple ratio of small whole numbers. Hence the example E 
the law of multiple proportions. 
the weight of M inB 2 

Hence, the weight of M in A^ 1 

Hence A is MCI, and B is MCI 

This ratio is present in (i), (iii) and (iv) but they are not accept- 
:able since the valency of chlorine is 1, 

Ex. 10. Marsh gas contains 75% carbon and 25% hydrogen, 
carbonic oxide contains 42:869, carbon and 57-14% oxygen. Water 
contains 11°11% hydrogen and 88-88%, oxygen, Show that the data 
illustrate the law of reciprocal Proportions. 

In marsh gas, 

75 grams of carbon combine with 25 grams of hydrogen. 
1 gram of carbon combine with A» ; gram of hydrogen. 
In carbonic oxide, 
42°86 grams of carbon combine with 57:14 grams of oxygen. 
1 gram of carbon co.ubines with 1:333 grams of oxygen. 
The ratio (G) of the weights of. hydrogen and oxygen which 
combine with the fixed weight of carbon is 0*3333 : 1:333—1 : 4. 

Now in water, the ratio by weight (H) in which hydrogen and 

oxygen combine is 11:11: 88:88—1: 8=1x1:2x4 


G 1/4 2 
on g- ign 
Therefore, these data illustrate the law of reciprocal Proportions, 
EXEROISE 
I 


1. Stato the law of definite proportions, Explain this 
compound AB, as an example ; the at. wt. of A Is 118-7 and the 

Explain the law in the light of Dalton's atomic theory, 

“Tho converse of the law of definite proportions ts not true"— 
examples, 

2, Stato the laws of chemical combination and explain 
an example. 

3. State the law of multiple proportions and explain 
Deduce the law from Dalton’s atomic theory, “Aftor the di: 


law taking the 
at, wt. of B is 16. 


Explain with 
each of them with 


it with an example. 
scovery of isotopes 
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some exceptions to the law of multiple proportions are observed.”—Explain with. 
examples, 

4. State Dalton’s atomic theory. Criticise it in the light of our present-day 
conceptions. Mention the usefulness of the theory. 

5. State the law of reciprocal proportions and explain it with an example, 
Deduce the law from Dalton’s atomic theory. 

6. State the law of conservation of mass. Explainthe law in the light of 
Dalton’s atomic theory. 

7. Give the definition of ‘atom’ according to Dalton, State the postulates- 
of Dalton's atomic theory. How would you explain the law of definite propor- 
tions, the law of multiple proportions and the law of reciprocal proportions with 
the help of these postulates ? 

What are the limitations of Dalton's atomic theory ? 

8. State the law of gaseous volumes. Explain the law witb an example. 

9. What is the law of conservation of mass-energy? Explain how heat is 
evolved or absorbed in chemical reactions. What mass in gram is equivalent to 
10 calories of heat ? 

10. Verify the law of conservation of mass with the help of two experi- 
ments, How will you verify the law of multiple proportions ? 


II 


11, Anelement forms two different compounds with oxygen. In the first 
compound, the per cent of the element by weight is 81:6 and in the second 
compound the per cent of the element by weight is 597. Show that the results 
are in agreement with the law of multiple proportions. 

12, A metal forms two oxides. When 1 gram of each oxide is reduced by 
carbon, 0:8815 and 0°7881 gm. of the metal are obtained, Show how these results. 
illustrate the law of multiple proportions. 

If the formula of the first oxide be MO, what is the formula of the second 
oxide ? [ Ans, MOs. ] 

13, 22 grams of carbon dioxide are evolved by reducing 8 grams of copper 
oxide by carbon. If the composition of carbon dioxide is characterised by the 
ratio 3 : 8, i.e., 3 weight parts of carbon per 8 weight parts of oxygen, calculate 
the composition of copper oxide. [ Ans, (Cu): (0)54 : 1. ] 

14. A metal M forms two oxides. When 1 gram of the oxide A is heated to 
a constant weight in a stream of hydrogen, 0°12585 gram of water is formed, 
1 gram of the oxide B similarly gave 0°2264 gram of water. If the formula of the 
oxide B is given by MO, what is the formula of the oxide A? [ Calcutta, 1951 ] 

[Ans. M,O] 

15. How many grams of water will be formed on burning 20 grams, of hydro- 
carbon containing 25 per cent of hydrogen and 75 per cent of carbon? The 
composition of water is expressed by the ratio (H) : (O) 21:8. [ Ans. 45 grams. $ 

16. The percentage composition of ammonia is: H=17.76%, 

N=82.24%. When 377 grams of hydrogen react completely with 2623. 
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grams of nitrogen, 30°000 grams of hydrazine are formed, Show that these data 
are in agreement with the law of multiple proportions, 

17. Auelement M forms two oxides. In one gram of the oxide A there is 
} gram of the element and in one gram of the oxide B, there is $ gram of 
element. If the formula of the oxide A is MO, deduce the formula of the 


oxido B. [ Ans. MOs] 
18. Show that the following data are in agreement with the law of reciprocal 
proportions. 
Methane Carbon monoxide Water 
Carbon 7595 Carbon — 42:869; Hydrogen 1111% 
Hydrogen 25% Oxygen 57149 Oxygen 8889% 


[ Nagpur, 1935 ] 
19. Illustrate the law of reciprocal proportions using the following data : 


Nitrogen hydride Oxygen hydride Nitrogen oxide 
H=17'76% H=11:19% 02631425 
N=82:24% O «88817 N 236862; 


20. On burning 16 grams of cupric sulphide (containing 80 per cent of copper 
and 20 per cent of sulphur), 16 grams of copper oxide and 6'4 grams of sulphur 
dioxide were obtained. Determine the composition of copper oxide and sulphur 
dioxide and express their ratio with the least whole number. 

(Ans. In copper oxide, % Cu 80, %0 -20 
(Cu): (O) 21:4, (S) :0) «1:1 
In sulphur oxide, 95S — 50, 950 —50, ] 

21. Ethylene contains 85:719; carbon, and 14299; hydrogen and carbon 
dioxide contains 27:27% carbon and 72:73% oxygen. Water contains 11°11% 
hydrogen and 88:899; oxygen. Show that the results illustrate a law of chemical 
combination. State the law. 

22. Potassium chloride contains 52:59; potassium and 47:57 chlorine and 
potassium iodide contains 23:67; potassium and 76'4% iodine. Iodine chloride 
contains 78:235 iodine and 21°8% chlorine. Show that the results illustrate a law 
of chemical combination. State the law. 

23. Nitrogen forms two oxides, The percentage composition of the oxides 
are given below : 


(a) Nitrogen =63°63% Oxygen =36°36% 

(b) Nitrogen - 46:667; Oxygen - 53:339; 

Show that the data Illustrate the law of multiple proportions. 

24. Iron forms two oxides, The first oxide contains 69:34% iron and 30°66% 
‘oxygen. The second oxide contains 77°22% iron and 22789, oxygen. Show. that 
the data illustrate a law of chemical combination, State the law, 

25. Phosphine contains 91'1% phosphorus, and 89% hydrogen; water 
contains 88°8% oxygen and 11'2% hydrogen and phosphorus trioxide (P403) 
contains 56°47, phosphorus and 43'625 oxygen. Without using atomic weights 
show that the results illustrate the law of reciprocal proportions. 
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26. 0°46 gram of magnesium gives 0'77 gram of magnesium oxide (MgO), 0:81 
gram of magnesium displaces 760 c.c. of hydrogen at N.T.P. from an acid. 0'08 
gram of oxygen produces 0°09 gram of water, Show that these data illustrate a 
law of chemical combination. State the law, 

Amount of oxygen in magnesium oxide =0'77—0°46 20:31 gram 

0°46 gram of magnesium combine with 0:31 gram of oxygen. 

4. Igram of magnesium combine with 045-064 gram of oxygen. 

Now 1 c.c. of hydrogen weigh at N.T.P. 0:000)9 gram 
760 c.c. of hydrogen weigh at N.T.P. 000009 x 760 or, 0:0684 gram. 

0:81 gram of magnesium displaces 00684 gram of hydrogen from an acid. 


4^ gram of magnesium displaces ovens 

Tho weights of hydrogen and oxygen which combino with the fixed weight of 
magnesium are in the ratio 00844: 0'674 =1 : 8 

Now 0'09 gram of water contains 0°08 gram of oxygen. Hence the amount 
of hydrogen present in 0:09 gram of water is 0°09 -0'0820:01 gram, Therefore 
hydrogen and oxygen combine with one another in the ratio 0'01 ; 0-08=1: 8. 

Hence the results illustrate the law of reciprocal proportions. 

27. 2:07 gram of a metal form 2:23 gram of oxide. The nitrate of tho metal 
contains 62:537; metal, 

Calculate with the help of tho law of definite proportion the amount of oxide 
formed when 1 gram, of the nitrate is heated, [ Ans, 0:673 gram. } 

28. Three samples of silver chloride are collected from three different 
sources: (a) 130°602 gram. of silver chloride contain 98:314 gram of silver, 
(b) 530:92 grams of silver chloride contain 399:651 grams of silver, (c) 144207 
grams of silver chloride contain 108:549 grams of silver. Which law of chemical 
combination is illustrated by these data ? 

29. Two chlorides of a metal contain 35:97; and 52:87; chlorine: respectively. 
Show that the results illustrate the law of multiple proportions, 

[ H. S. (Comp.), '63, '66 ] 

30. Two samples of lead sulphide are collected from two different sources. 
After analysis the following results are obtained : 

(a) 28:855 grams of lead sulphide contain 25 grams of lead. 

(b) 1733125 grams of lead sulphide contain 15 grams of lead. 

Which law of chemical combination is illustrated by these results ? 

31. The elements A and B form three compounds. The first compound 
contains 75% A and 25% B. The second compound contains 80% A and 20% B 
and the third compound contains 85°7% A and 14°3% B. Show that the results 
are in agreement with the law of multiple proportions. 

32. After the analysis of three oxides of lead the following results are 
obtained: The first oxide contains 7:157 oxygen, the second oxide contains 
9'37% oxygen and the third oxide contains 13-49% oxygen. Show that these 
results are in agreement with the law of multiple proportions, 


= 0°0844 gram of hydrogen. 
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33. 5°6 grams of calcium oxide contain 1'6 gram of oxygen. Calcium 
carbonate contains 40% calcium. Calculate with the help of the law of definite 
proportion the amount of calcium oxide when 2 grams of calcium carbonate are 
heated, [ Ans. 1°12 gram ] 

34. Ferrous sulphide contains 36:479, sulphur. Calculate the amount of 
ferrous sulphide formed when 4 grams of iron are heated with 11 grams of 
sulphur. What amount of sulphur will remain unreacted ? 

[ Ans. 6:296 grams ; 8704 grams ] 

35. 4 gram of calcium form 5:6 grams of calcium oxide. 1 gram of calcium 
displaces 560 c.c. of hydrogen at N.T.P. from an acid. 0'8 gram of oxygen 
combines with hydrogen to give 0'9 gram of water. Show that these results 
illustrate a law of chemical combination. 

36. One gram of each of the two oxides of the metal M are heated to a 
constant weight in a stream of hydrogen. The first oxide gives 012585. gram of 
water and the second oxide gives 0:2264 gram of water. Show that the resulte 

k illustrate a law of chemical combination. 


|^. 


CHAPTER IV 
ATOMS AND MOLECULES 


4-1. Barzelius's hypothesis. According to Dalton's atomic 
theory, ‘elements combine in simple ratio by atoms." Again, 
according to Gay-Lussac's law, gases combine in simple ratio by 
volume. The Swedish chemist, Berzelius, made a first attempt to 
explain the experimental results of Gay-Lussac. He correlated the 
law of combining volumes and the Dalton's atomic theory ina 
hypothesis which may be stated as : 


Equal volumes of all gases under the same conditions of tempera- 
ture and pressure contain the same number of atoms. 


But when this hypothesis of Barzelius was applied to explain the 
experimental facts, it led to a conclusion which was in direct 
conflict with the fundamental postulate of the atomic theory that 
atoms cannot be divided. For example, in the reaction: hydrogen 
+chlorine=hydrogen chloride, it is found by experiment that 


1 volume of hydrogen combines with | volume of chlorine t 
yield 2 volumes of hydrogen chloride. 


Let n be the number of atoms present in 1 volume of hydroge; 
Then by -Berzelius’s hypothesis, n atoms of chlorine are also 
present inl volume of chlorine and 2n atoms are present in 2 
volumé$ of hydrogen chloride; Hence, we get 


n atoms of hydrogen combine with n atoms of chlorine to yield 
2n complex atoms of hydrogen chloride. 


-. latom of hydrogen combines with 1 atom of chlorine to 
yield 2 complex atoms of hydrogen chloride. 


or, } atom of hydrogen combines with } atom of chlorine to yield 
1 complex atom of hydrogen chloride. 

That is, in forming l complex atom of hydrogen i 1 
atom of hydrogen reacts with } atom of chlorine, This oid aa 
each atom of hydrogen and each atom of chlorine must have been 
divided into two portions. This is contrary to the Dalton’s atomic 
theory that atoms are particles of matter which cannot be sub- 
divided by chemical processes. Hence, if the Dalton’s atomic theor 
P to be retained, the hypothesis of Berzelius must be regarded g 

alse. a 


The key to the explanation of Gay-Lussac’s law was fi 
Italian physicist, Amadeo Avogadro. Avogadro in 1811 pointe, 


7 


r 
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out that all these contradictions could easily be eliminated by 
introducing the conception of the 
“molecule? which he regarded as 
a cluster of small number of atoms. 
He further regarded the molecule as 
the smallest particle of any substance 
capable of independent existence, and 
at the same time retained the concep- 
tion of the atom as the smallest 
amount of an element in molecules 
of various compounds. Consequently, 
the smallest unit of matter which 
can exist in free state ina gas is not 
an atom but a molecule. Hence, a 
relation exists between the volumes 
of a gas and the number of molecules 
present in it. This relation is ex- 
pressed by Avogadro’s hypothesis. 


Fig. 41: Amadeo 
" Avogadro. 


4.2. Avogadro's hypothesis. Avogadro's hypothesis may be 
stated: Equal volumes of all gases under the same conditions of 
temperature and pressure contain the same number of molecules. 


Avogadro's hypothesis explained successfully the simple pro- 
portions between the volumes of reacting and resulting gases. Two 
reactions may be considered as examples : 


e ee O © 


Hydrogen Hydrogen Chlorine Chlorine 
atom molecule atom molecule 


RM Gent 
ZME- E 


1 volume of hydrogen 1 volume of chlorine 2 volumes of hydrogen chloride 
Fig. 4.2 


(i) The reaction : hydrogen--chlorine—hydrogen chloride 
lvol + 1vol.—2 vols. 
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Experimentally, it is found that 1 volume of hydrogen unites 
with i volume of chlorine to yield 2 volumes of hydrogen 
chloride. 


Let n be the number of molecules present in 1 volume of hydro- 
gen. Hence, by Avogadro's hypothesis n molecules of hydrogen 
unite with n molecules of chlorine to yield 2n molecules of 
hydrogen chloride. Or, 1 molecule of hydrogen unites with 1 mole- 
cule of chlorine to yield 2 molecules of hydrogen chloride. Or, 4 
molecule of hydrogen unites with 4 molecule of chlorine to yield: 
1 molecule of hydrogen chloride. 


This is not in contradiction with the Dalton's atomic theory 
because molecules can be broken down ina chemical reaction into 
its constituent atoms. In this chemical reaction, the atoms in the 
molecules of hydrogen and chlorine have re-associated to form 
new molecules of hydrogen chloride, but no atom has been 
subdivided. 


© 


Oxygen atom Oxygen molecule Molecule of water 


e 1 volume of oxygen 


2 volumes of hydrogen 2 volumes of steam 


Fig. 4.3 


(2) The reaction: hydrogen + oxygen = steam 
2vols. + 1vol. = 2vols. 


It is found experimentally that 2 volumes of hydrogen combine 
with 1 volume of oxygen to form 2 volumes of steam, 

Let n be the number of molecules present in 1 volume of oxygen. 
Then by Avogadro's hypothesis, 2n molecules of hydrogen combine 
with n molecules of oxygen to form 2n molecules of Steam. 
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Or, 2 molecules of hydrogen combine with 1 molecule of oxygen 
to form 2 molecules of steam. 

Or, 1 molecule of hydrogen combines with 4 molecule of oxygen 
to form 1 molecule of steam. 

This, again, is not in contradiction with the atomic theory, 
since the molecule of oxygen can be split up into its constituent 
atoms. The atoms in the molecule of hydrogen and oxygen re- 
associate to form the new molecule of steam but no atom undergoes 
subdivision. 

4.8. Deduction of Gay-Lussac’s law of combining volumes 
from Avogadro's hypothesis. The law of combining volumes 
can be deduced from Avogadro's hypothesis as follows : 

Let us consider a reaction in which x molecules of the gas A 
unite with y molecules of the gas B to form a compound of A and 
B, where x and y are small whole numbers. By Avogadro's hypo- 
thesis, Vc.c. of each gas under the same conditions of temperature 
and pressure will contain the same number of molecules. Let the 


number be *n*. 
Hence, n molecules of gas A are present in Vc.c. of the gas A 


1 molecule of gas A are present in X c.c. of the gas A 
. Vxxx 
x molecule of gas A are present in S c.c. of the gas A 


Similarly, y molecules of the gas B are present in XX c.c. of the 


gas B. 
Hence, the combining volumes of the two gases are 


ve c.c. and SX c.c. which bear a ratio 


Vx. VXY or x: 
pu Dy. 


This isa simple ratio because both x and y are small whole 
numbers. Therefore, the volumes of the interacting gases are in 
aratio of small whole numbers to one another, which is Gay- 
Lussac's law. 


44. Modification of Dalton’s atomic theory. Avogadro’s 
conception of molecules revolutionised the concept about the 
structure of matter. Avogadro’s hypothesis explained remarkably 
well the Gay-Lussac’s law of combining volumes which stood in 
apparent contradiction with the Dalton’s atomic theory. Gonse- 
quently, the atomic theory of Dalton was modified. The modifica- 
tion involved the introduction of the Avogadro's conception of 
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molecules and the distinction between the atoms and molecules. 
These two most important conceptions of chemistry, i.e., atoms and 
molecules were distinguished as : 

A molecule is the ultimate particle of a substance which can exist 
in the free state. The molecules are composed of indivisible 
particles called atoms. The properties of a substance are the 
properties of its molecule. When a molecule of a substance is broken 
down, the essential chemical properties of the substance are lost. 

An atom is the smallest particle of an element which can take 
part ina chemical change. Anatom cannot exist in the free state. 
When two or more substances react chemically, the molecules of 
the substances are split up into atoms which then combine together 
in simple numerical proportions to form the molecules of new 
substances. 


Two axiomatic facts from Avogadro’s hypothesis, 


(1) According to Avogadro's hypothesis, under the same 
conditions of temperature and pressure equal volumes of all gases 
contain equal number of molecules. Conversely, under the same 
conditions of temperature and pressure, equal number of molecules 
of all gases occupy the same volume. 

(2) Ata particular temperature and pressure, if vc.c. of a gas 
contain n molecules, then a x v c.c of the gas contain a x n molecules. 

4.5. Applications of Avogadro's hypothesis. In 1858, Can- 
nizzaro, an Italian scientist, applied the Avogadro's hypothesis 
to the fundamental problems of chemistry and solved them with 
remarkable clarity. Some of the most fundamental problems of 
chemistry which can be solved successfully by Avogadro's hypothesis 
are listed below : 

(i) Determination of the number of atoms in the molecule of 
a gaseous element, i.e., its atomicity. 

(ii) Comparison of the molecular weights of different gases 
and vapours. Deduction of a relation between the molecular 
weight of any gas or vapour and its vapour density. 

(iii) Establishment of the fact that the gram-molecular weight 
of any gas occupies 22:414 litres at N. T. P. 

(iv) Determination of the molecular formula ofa gas from 
its volumetric composition. 

(v) Determination of the atomic weights of the elements. 

(vi) Determination of molecular weights, 

(i) Determination of the number of atoms in the molecule 
of a gaseous element, i-e., the atomicity of gaseous elements. 

(a) Experimentally, we find that 1 volume of hydrogen com- 
Dies with 1 volume of chlorine to yield 2 volumes of hydrogen 
chloride, 
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Let n be the number of molecules present in 1 volume of hydro- 


gen. Then by Avogadro's hypothesis, 


n molecules of hydrogen combine with n molecules of chlorine 
to yield 2n molecules of hydrogen chloride. 


or, 1 molecule of hydrogen combines with 1 molecule of chlorine 
to yield 2 molecules of hydrogen chloride. 


; Or, j molecule of hydrogen combines with } molecule of chlorine. 
to yield 1 molecule of hydrogen chloride. 


The molecule of hydrogen must split, therefore, into two equal 
s But since the atom is the smallest particle of matter, it 
olana that the molecule: of hydrogen cannot contain less than 

atoms. 


! Again, hydrogen chloride is a compound of hydrogen and 
chlorine, Therefore, one molecule of hydrogen chloride must 
contain at least one atom of hydrogen and one atom of chlorine, 
which come from } molecule of hydrogen and ł molecule of 
chlorine. Since atom is the smallest particle of matter, it follows 
that a molecule of hydrogen or chlorine must contain at least two 
atoms. 


Again, if we allow metallic sodium to act on hydrogen chloride, 
hydrogen present in hydrogen chloride is replaced by sodium and 
sodium chloride is formed. No more hydrogen is replaced from 
sodium chloride by any means. Thus, hydrogen is replaced from 
hydrogen chloride in one stage and not in two stages. Hence, the 
molecule of hydrogen chloride contains only | atom of hydrogen. 
This 1 atom of hydrogen comes from 4 molecule of hydrogen. 
Hence, 1 molecule of hydrogen contains 2 and only 2 atoms of 
hydrogen. 

(b) In the same way, we can show that the molecule of oxygen 
contains at least 2 atoms. Experimentally, we find that 2 volumes 
of hydrogen unite with 1 volume of oxygen to form 2 volumes of 
steam, 


Let n be the number of molecules present in 1 volume of oxygen. 
Then by Avogadro’s hypothesis, 


2n molecules of hydrogen unite with n molecules of oxygen 10 
form 2n molecules of steam. 


or, 2 molecules of hydrogen unite with 1 molecule of oxygen to 
form 2 molecules of steam, 


or, 1 molecule of hydrogen unites with 1 molecule of oxygen 
to form 1 molecule of steam. 

But 1 molecule of steam must contain at least 1 atom of oxygen. 
This 1 atom of oxygen comes from $ molecule of oxygen and hence 
1 molecule of oxygen must contain at least two atoms, 


The number of atoms in 1 molecule of any substance is defined 
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as its atomicity. Hydrogen has two atoms in 1 molecule and is: 
diatomic and we assign to 1 molecule of hydrogen the formula, 
Ha., Similarly, it has been concluded that the molecules of the 
gases, Oxygen, nitrogen, and chlorine, are also diatomic and we 
assign to them the formulas Os, Na, Cl,, respectively. 


That the molecules of hydrogen, oxygen, nitrogen, and chlorine 
are diatomic, has also been established by a purely physical method, 
namely, by measuring the ratio of the specific heats at constant 
pressure and at constant volume. The kinetic theory of gases gives 
the value of the ratio as 1*66 for monatomic gases and 1:40 for 
diatomic gases. The ratios for hydrogen, oxygen, nitrogen and 
chlorine have been found experimentally to be 1:41, 1°40, 1:40, and 
1°34 respectively. Hence, these gaseous elements are diatomic. 

Atomicity of the gaseous elements is not always 2. Mercury 
vapour and argon are monatomic, ozone (O,) is triatomic, phos- 
phorus and arsenic vapour are tetratomic (P,, As,). 


Density. The density of a substance is its mass per unit volume. 
If the mass of a substance is m and its volume is v, then its density 


is given by d=". 


The density obtained by expressing the mass in grams and the 
volume it occupies in c.c or millilitres is called the absolute density 
or simply the density, 7 

Absolute density or density = 22855 DIRDA KubManoe in puit 
volume of the substance in c.c. 


Hence, the unit of absolute density is gram/c.c. 

The volume of a substance changes with temperature and pressure 
but its mass remains unchanged. Hence, the absolute density ofa 
substance depends on its temperature and pressure. The mass of a 
given volume of a gas is small in comparison with the mass of the 
same volume of a liquid or a solid. Again, the volume of a 
gas is highly dependent on temperature and pressure. For this 
reason, the density of a gas cannot be expressed in absolute density 
defined above. Under standard conditions or at 0°C and 760 mm. 
pressure the mass of 1 litre ofa gas is called normal density. 
The normal density of hydrogen is 0°0899 gm./litre or the 
mass of 1 litre of hydrogen at N.T.P. is 00899 gram. The unit of 
normal density is gram/litre. 

In order to make density unitless or to express density in pure 
numbers, the density of a gas or vapour is expressed by comparing 
with the density of hydrogen at the same temperature and pressure. 
This is called relative density or vapour density. 


The relative density or vapour density of a gas or vapour is the 
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Tatio of the weight of a given volume of the gas to the weight of an 
equal volume of hydrogen measured under the same conditions of 
temperature and pressure. Hydrogen is taken as the standard 
because it is the lightest gas known. Hence we ave, 
The vapour density of a gas (H—1) 
—.. Weight of Vc.c. of the gas 
- weight of Vc.c. of hydrogen 
(at'the same temperature and pressure) 
= Weight of 1 c.c. of the gas 
- Weight of 1 c.c. of hydrogen 
(at the same temperature and pressure) 
,. The vapour density of Sulphur dioxide 
— Weight of Ve.c, of sulphur dioxide 
. — weight of Vc.c. of hydrogen 
(at the same temperature and pressure) 
— weight of 1 c.c, of sulphur dioxide 
Weight of 1 c.c. of hydrogen 
(at the same temperature and pressure) 
7:32 (by experiment) 
Hence, at the same temperature and pressure 1 c.c. of sulphur 
dioxide is 32 times heavier than 1 c.c. of hydrogen 
Now, the vapour density of a gas 
— Weight of 1 litre of the gas at N.T.P. 
- weight of 1 litre of hydrogen at N.T.P. 
—_ Normal density of the gas 
- Normal density of hydrogen 
= Normal density of the gas 
ni [ry c mE 
.'. The normal density of a gas vapour density of the gas x 0'09. 
Hence, the mass of 1 litre of the gas at N.T.P. 
=its vapour density x 0°09. 
The vapour density has no unit. It isa pure number. 
If oxygen is taken as the standard instead of hydrogen, i.e., on 
oxygen standard the vapour density of a gas is given by 
vapour density of a gas (O—1) 
Weight of Vc.c. of the gas 
"weight of Vc.c. of oxygen 
(at the rame temperature and pressure). 


Similarly, if chlorine is taken as the standard, i.e., on chlorine 
standard, the relative density of a gas is defined as : 
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The relative density of a gas (C1—1) 
. Weight of Vc.c. of the gas 
weight of Vc.c. of chlorine 
(at the same temperature and pressure) 

In this way, the relative density of a gas is expressed on different 
standards. The relationship between relative densities on different 
standards are found out as follows : 

The relative density of a gas (H— 1) 

_ weight of Vc.c. of the gas 
weight of Vc.c. of hydrogen 
(at the same temperature and pressure) 
_Weight of Vc c. of the gas, weight of Vc.c. of oxygen. 
— weight of Vc.c. of oxygen weight of Vc.c. of hydrogen 
=the vapour density of the gas (O—1) 
x vapour density of oxygen (H —1) 
The vapour density of a gas (O— 1) 
. vapour density of the gas (H— 1) 
~ vapour density of oxygen (H=1) 
The vapour density of a gas (O=1) 
. vapour density of the gas (H=1) 
16 
Similarly, the vapour density of a gas (Cl=1) 
= vapour density of the gas (H-1) 
vapour density of chlorine (H— 1) 
_ vapour density of the gas (H=1) 
3315 

(ii) The relation between molecular weight and relative 
density. 

The relative density (also called vapour density) of a gas or 
vapour is the ratio of the weight of a given volume of the gas to the 
weight of an equal volume of hydrogen measured under the same 
conditions of temperature and pressure. Hydrogen is taken as the 


standard because it is the lightest gas known. By definition, we 
have: 


Relative density 

. weight of a given volume of the gas (at the same tempera- 
~ weight of an equal volume of hydrogen ture and pressure) 

. weight of Vc.c. of the gas (at the same temperature 

T weight of Vc.c. of hydrogen and pressure) 
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Letnbe the number of molecules present in Ve.c. of the gas. 
Hence, by Avogadro's hypothesis, Vc.c. of hydrogen will also 
contain ‘n’ number of molecules, 


i i Weight ofn molecules of the gas —— 
eae re, relative dedtiyos Weight of n molecules of hydrogen 


— Weight of 1 molecule of the gas 
weight of Í molecule of hydrogen 
molecular weight of the gas 


“molecular weight of hydrogen 


Now, it has been shown that a molecule of hydrogen contains 
two atoms. The atomic weight of hydrogen island hence its 
molecular weight is 2, Therefore, we have 


Relative density . Molecular weight of the gas 
2 


Hence, molecular weight =2 x relative density. 


Multiplication of the relative density ofa gas by2, therefore, 
gives its molecular weight. 

Actually, on the atomic weight standard, carbon=12, the 
atomic weight of hydrogen is 1008 and hence the molecular weight 
of h en is 2'016 instead of2. So where absolute accuracy is 
required, the molecular weight is obtained from the relation : 

Molecular weight «2:016 x relative density. 


(iii) Gram-molecular weight and gram-molecular volume or 
molar volume. 

Tn chapter II, it was pointed out that the molecular weight of 
any gas expressed in grams is its gram-molecular weight. The gram- 
molecular weight unit is also referred to as the mole. If we wish 
to use 2 moles of water ina chemical reaction, we must wi 
out 36 grams (ie, 2x18 grams, 18 is the molecular weight of 
water) of water. Hence, the number of moles represented by a 
weight in grams of a substance is given by the relation, 


a where n=number of moles, g=weight in grams and 
à M= molecular weight in peg s 

The volume occupied by a mole or gram-molecular weight of a 
substance is called the molar volume or gram-molecular volume. 

(a) Molar volume of all gases is the same atthe same t 
rature and pressure. Let us suppose that erence 

molecular weight of a substance=M 

the absolute weight of a hydrogen atom=a gram 

4. the weight of 1 gram-molecule of the substance=M gram, 
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By definition of molecular weight, molecular weight of a 

substance, M r 
Weight of 1 molecule of the substance 
weight of 1 atom of hydrogen 
m= Weight of 1 molecule of the substance 
a 

4, Weight of 1 molecule of the substance=M x a gram. 

Now, weight of 1 gram-molecule of the substance=M gram 

Number of molecules of the substance present in its 1 gram- 


M 1 
molecule = Mxa" d 


Since a is the weight of 1 molecule of hydrogen, : is a constant 


2. Hence, the number of molecules of any substance present 
n its 1 gram-molecule is the same, 
For example, the vapour density of ammonia 8*5 
Molecular weight of ammoniass 8:5 x 2217 
1 gram-molecule of ammonia=17 gram 
Now, the weight of one atom of hydrogen=a gram 
1 molecule of ammonia is 17 times heavier than 1 atom of 
hydrogen. 
weight of 1 molecule of ammonia- 17a gram 
The number of molecules of ammonia present in its 1 gram- 


17 gram 
molecules 77 gram a" 

Hence, in 1 gram-molecule of all substances is present the same 
number of molecules. Since according to Avogadro's law, the 
same number of molecules of different gases occupy the same volume 
at the same temperature and pressure, the volume of 1 gram-molecule 
or molar volume of all substances in the gascous state is the same. 
That is, at the same temperature and pressure, molar volume of 
all gases is the same. 

(b) Molar volume of all gases is 22°4 litres at NTP: It 
is found experimentally that 1 litre of hydrogen weighs nearly 
0°09 gram at N.T.P. Now, by the definition of relative density 
we have 

i Weight of 1 litre of the gas at N. T. P. 
relativo density ofa gas Weight of 1 litre of hydrogen at N.T.P. 
M „Weight of 1 litre of the gas at N. T. P. 

2:016 0:09 e 
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where M is the molecular weight of the gas. If the molecular 
weight is expressed in gram, we have 
M grams Weight of 1 litre of the gas at N. T. P. in grams 
"2016 — 0'09 grams — 
M grams x 0:09 


or, 20i6 — -— Weight of 1 litre of the gas at N. T. P. 


Mx 070 grams of the gas occupy 1 litre at N. T. P. 


2:016 
M grams of the gas occupy 2:016 X 1 titre 554 litres at 


0:09 


Therefore, 


N. T. P. 
or, 1 mole of the gas occupies 22:4 litres at N. T. P. 


Hence, the molar volume or gram-molecular volume of all gases 
at N. T. P. is 22-4 litres. 


. The volumes occupied by one mole of some gases at N. T. P. are 
given in table 4.1, 


Table 4.1 
Her 
Formula 1:00 mol Weight of 1 litre r mole or 
° | Gn grams) SS volume 

Ha 2-016 grams 0:0899 iom 72242 
Os 32:00 grams 1429 32 5. 

142397 22:39 
COs 44°01 grams 1:977 195-2226 
ACI 26°47 grams 1:639 iep-2125 


From the data given in table 4.1, it is evident that the conclusion 
that molar volume of all gases is the same at the same temperature 
and pressure and is equal to 22:4 litres at N. T. P., is only 
approximately correct. 


Relation between molecular weight and normal density. 
Let M be the molecular weight of a gas, and p be the normal 
density in gram/litre, Then the weight of one litre of the gas at 
N.T.P.=p gram, 


Therefore, the volume of one mole of the gas at N.T.P.=" litre 
—2244 litre. 


Mona s M2px224 
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The Avogadro number and the mole. By Avogadro’s hypothesis, 
it has been proved that gram-molecular volume or molar volume of 
all gases is the same at the same temperature and pressure and is 
equal to 22°4 litres at N. T. P. Since equal volumes of all gases 
under the same conditions of temperature and pressure contain the 
same number of molecules, it follows that one molar volume of all 
gases contains the same number of molecules. In other words, one 
mole or one gram-molecular weight of any substance contains the 
same number of molecules. This number has been determined by 
various methods to be 6:023x10?*. This number is known as the 
Avogadro number and is designated by N. Hence one gram- 
molecule of nitrogen or 28 grams of nitrogen contain 6'023 x 102% 
nitrogen molecules ; one gram-molecule of oxygen or 32 grams of 
oxygen contain 6023 x 10*? oxygen molecules ; one gram-molecule 
of ammonia or 17 grams of ammonia contain 6°023 x 10** ammonia 
molecules and one gram-molecule of carbon dioxide or 44 grams of 
carbon dioxide contain 6'023x10** carbon dioxide molecules. 
Therefore, it follows that one gram-molecule of any substance 
contains Avogadro number of molecules or 6:023 x 10°* molecules 
of that substance. For this reason, | gram-molecule of a substance 
is called a mole of molecules of that substance. 

Again, one gram-atom of any substance contains Avogadro 
number of atoms or 6:023 x 10°? atoms of that substance. For this 
reason, one gram-atom ofa substance is called a mo/e of atoms of 
that substance. For example, one mole of sulphur atoms or 32 
grams of sulphur (atomic weight of sulphur=32) contain 
6°023 x 102% sulphur atoms and one mole of chlorine atoms or 
35:453 grams of chlorine contain 6:023 x 10°* chlorine atoms. 


Similarly, 1 Faraday of electricity contains Avogadro number of 
electrons or 6:023 x 10?* electrons. Hence, 1 Faraday of electricity 
is called 1 mole of electrons. 


Thus we see that a mole of an object means Avogadro number 
of objects or 6:023 x 10** objects just as a dozen of objects means 
12 objects. Hence a mole of molecules of a substance means 
Avogadro number of molecules or 6:023x 10?* molecules of that 
substance ; a mole of atoms of a substance means Avogadro number 
of atoms or 6°023x102% atoms of that substance and a mole of 
electrons means Avogadro number of electrons or 6°023x 10?* 
electrons, Hence, a mole means a collection of Avogadro number of 
objects or 6:023 x 10** objects. 


It has been mentioned earlier that there are Avogadro number 
of molecules present in 1 gram-molecular weight of any substance. 
Conversely, the weight of Avogadro number of molecules of a 
substance is the gram-molecular weight of the substance, In other 
words, the weight of 1 mole of molecules of a substance is the gram- 
molecular weight of the substance. Similarly, the weight of 1 mole 
of atoms of an element is the gram-atomic weight of the element. 
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We can also choose to express mass in pounds instead of grams. 
In that case, one pound-molecular weight of all substances will 
contain the same number of molecules. but this number will be 
different from Avogadro number given above. For example, 32 
pounds of oxygen and 28 pounds of nitrogen will contain the same 
number of molecules but this number is different from the Avogadro 
number mentioned above. Since 1 pound is equal to 453 grams, 
this number can be calculated as follows : 
32 grams of oxygen contain 6:023 x 10°* molecules. 
453 grams of oxygen contain Sox S molecules 
6:023 x 102? x 453 
32 


or, 32 pounds of oxygen contain Se 


or, 1 pound of oxygen contain molecules 


=2°73 x10:* molecules. 

Thus we see that if mass is expressed in grams in the definition 
of mole and the Avogadro number, the term gram-mole is used. If 
mass is expressed in pounds, the term pound-mole is used and 
2713x10** can then be called a pound-mole. If only the term 
mole is used, it is realised that it means gram-mole. 


(iv) Molecular formula of a compound from its volumetric 
composition. Avogadro’s hypothesis, can be applied to determine 
the molecular formula of gaseous compounds. 


Molecular formula of marsh gas. It is found experimentally that 
] volume of marsh gas (methane) contains 2 volumes of hydrogen, 
Letn be the number of molecules present in 1 volume of marsh 
gas. Then by Avogadro's hypothesis, n molecules of marsh gas 
contain 2n molecules of hydrogen or, 1 molecule of marsh gas 
contains 2 molecules of hydrogen. Now, it has been shown that 
hydrogen molecule is diatomic, i.e., each molecule contains 
two atoms. Hence, 1 molecule of marsh gas contains 4 atoms 
of hydrogen. Therefore, the molecular formula of marsh gas 
can be written as C,H,, where x is the number of carbon atoms 
present in 1 molecule of marsh gas. 

Now, the relative density of marsh gas is determined experimen- 
tally to be 8. 

<. its molecular weight=2 x 8=16 


Hence, we get, xx 12+4x1=16 
~. x-1(. 12=atomic weight of carbon,1=atomic weight of H) 
The true molecular formula of marsh gas is CH,. 


Molecular formula of steam. Itis found experi 
volumes of hydrogen combine with 1 volume D Posi iud 
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volumes of steam. Letn be the number of molecules present in 
1 volume of oxygen. Then by Avogadro’s hypothesis, under the 
same conditions of temperature and pressure 2 volumes of hydrogen 
contain 2n molecules of hydrogen and 2 volumes of steam contain 
2n molecules of steam. Hence, 

2n molecules of hydrogen+-n molecules of oxygen=2n molecules 
of steam. 

-. 1 molecule of hydrogen+} molecule of oxygen=1 mole- 
cule of steam. È 

“, 2atoms of hydrogen+1 atom of oxygen=1 molecule of 
steam. ['. hydrogen and oxygen molecules are diatomic, ] 

Hence, the empirical formula of steam is H,O and its molecular 
formula is (H,O), where x is a whole number. 

Experimentally, it is found that the vapour density of steam is 
9. Hence, its molecular weight is 9x 2—18. 

(2x1-4-16) x x18, See <1 Bi 
Hence, the molecular formula of steam is H,O. 


Molecular formula of ammonia. Experimentally, it is found 
that 1 volume of nitrogen combines with 3 volumes of hydrogen to 
form 2 volumes of ammonia. Letn be the number of molecules 
present in 1 volume of nitrogen. By Avogadro's hypothesis, under 
the same condition of temperature and pressure 3 volumes of 
hydrogen contain 3n molecules of hydrogen and 2 volumes of 
ammonia contain 2n molecules of ammonia. Hence, 

n molecules of nitrogen4-3n molecules of hydrogen 2n mole- 
cules of ammonia. 

-. j molecule of nitrogen--? molecules of hydrogen-1 mole- 
cule of ammonia, 

-. 1 atom of nitrogen+3 atoms of hydrogen=1 molecule of 
ammonia. 

[> hydrogen and nitrogen molecules are diatomic. ] 

Hence, 1 molecule of ammonia contains 1 atom of nitrogen and 
3 atoms of hydrogen. Hence, the empirical formula of ammonia is 

a and its molecular formula is (NH,), where x is a whole 
number. 

Now, vapour density of ammonia is 8:5. Hence, its molecular 
weightis8:5x2—17. Therefore, ; 

(14+3)xx=17, "EMIL ues M 
Molecular formula of ammonia is NH,. 


Molecular formula of carbon dioxide. Experimentally, it is 
found that carbon dioxide contains its own volume of oxygen. In 
other words, 1 volume of carbon dioxide contains] volume of 
oxygen. Let n be the number of molecules present in 1 volume of 
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carbon dioxide. Then according to Avogadro’s hypothesis, under 
the same conditions of temperature and pressure. 


n molecules of carbon dioxide contain n molecules of oxygen. 

1 molecule of carbon dioxide contain 1 molecule of oxygen. 
1 molecule of carbon dioxide contains 2 atoms of oxygen. 
[°° oxygen molecule is diatomic, ] 

Let us suppose that x is the number of carbon atoms present 
in 1 molecule of carbon dioxide. Then its molecular formula is 
COs. 

The vapour density of carbon dioxide is 22. 

Its molecular weight is 22x 2=44. 
xx12--2x16—44 ~. x=1. 
Molecular formula of carbon dioxide is CO,. 


Molecular formula of nitrie oxide. Experimentally, it is found 
that equal volumes of nitrogen and oxygen combine to form nitric 
oxide. That is, volume of nitrogen combines with 1 volume of 
oxygen to form nitric oxide. The vapour density of nitric oxide 
is 15. Therefore, 

1 volume of nitrogen+1 volume of oxygen—nitric oxide. 

Let n be the number of molecules of nitrogen present in 1 
volume of nitrogen. Then by Avogadro’s hypothesis, at the same 
temperature and pressure | volume of oxygen contains n molecules 
of oxygen. 

T n molecules of nitrogend-n molecules of oxygen—nitric 
oxide. 

1 molecule of nitrogen-- 1 molecule of oxygen— nitric oxide. 

.. 2atoms of nitrogen+2 atoms of oxygen—nitric oxide. 
[>.> nitrogen and oxygen molecules are diatomic. ] 

1 atom of nitrogen +1 atom of oxygen—nitric oxide. 
. The ratio of the number of atoms of oxygen and nitrogen 
in nitric oxide is 1 : 1. 
, Hence, the empirical formula of nitric oxide is (NO), where x 
is a whole number. 

Now vapour density of nitric oxide is 15. 

Its molecular weight is 15x 2— 39. 
(14+16)x=30. .. x=1, 
Molecular formula of nitric oxide is NO. 

(v) Determination of atomic weight The Avogadro’s hypo- 
thesis can be used in the determination of the porters sianie 
weights of the elements. 

(a) Determination of atomie weight from the atomicity 
of elementary gases. Atomic weights of elements which can 


ATOMS AND MOLECULES 113 


exist as simple gas molecules are determined from the following 
relation : 
atomic weight=molecular weight + atomicity. 

The molecular weight is determined from the relative density 
from the relation, molecular weight=2 x relative density. The 
relative density can be determined experimentally. The relative 
density of nitrogen, for example, is 14. Hence, its molecular weight 
is 2x14=28. Now, the atomicity of nitrogen is 2. Hence, atomic 
weight of nitrogen is 14, 

(b) Determination of the atomic weights of elements that 
can form a considerable number of gaseous or volatile com- 
pounds. Cannizzaro’s method. There are three steps in this 
method : 

(i) Experimental determination of the relative densities ofa 
number of volatile compounds of the element. 

(ii) Calculation of their molecular weights from the relation : 

Molecular weight=2 x relative density. 


(iii) Direct analysis of the compound to determine the percen- 
tage of the element in each of these compounds. The actual weight 
ofthe element present in the molecular weight of each compound 
is then determined. The smallest weight ofthe element present 
in the molecular weight is taken as the atomic weight of the 
element. 

The application of this method is illustrated below : 

Carbon forms a large number of volatile and gaseous compounds, 
In the case of carbon monoxide, the calculation may be carried out 
as follows : 

Relative density of carbon monoxide=14; hence its mol. 
wt.=28, The percentage of carbon in this molecule—42:9. 

The weight of carbon in the molecular weight of carbon monoxide 
is, therefore, 

42°9 x 28 t 
“00 2 0. 

Similar calculations are carried out ina number of gaseous or 
volatile compounds of carbon and the results are represented in 
the table 4.2. 


8 
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i Table 4.2 
Compound ante Boh fee à Mio ena Ee ar e 

1 D M=2xD carbon of the compound 
Carbon monoxide 14 28 42:9 120 (212x1) 
Carbon dioxide 2 44 273 120 (-12x1) 
Methane 8 16 749 120 (=12x1) 
Ethylene 14 28 8577 24:0(212x2) 
Carbon disulphide 38 76 1576 11°98 (212x1) 
Chloroform 59:35 1187 10°4 12:3 (212x1) 
Ethyl ether 37 74 6486 48 (=12x4) 
Alcohol 228 45°6 52:2 23:8(—12x2) 
Acetone 29 58 62:07 36:0(—12x3) 
Benzene 38:85 7" 923 717 (212x6) 
Napbthalene 64 128 93°75 120 (=12 x10) 


————————À M —— maaa 

The smallest weight ofcarbon in the molecular weight of the 
above compounds is 12. Since this is the smallest weight ever 
found in any compound of carbon, 12 is assumed to be the atomic 
weight of carbon, 


Table 4.3: Determination of atomic weight of nitrogen. 


| Molecular | Wei 
, e ight of 
ioe | Sag NCR SGP T IU 
| 1 in 1 gram-molecule o 
(D) | M=2xD | nitrogen the compound 
i 
Ammonia $5 | 7 | &s3 14 (=14x1) 
| 
Nitrous oxide 22 44 63°6 28 (=14x2) 
Nitric oxide 15 30 466 14 (-14x 1) 
Nirogen dioxide 46 304 14 (-14x1) 
Dinitrogen 
tetroxide 46 92 304 28 (=14x2) 
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The smallest weight of nitrogen inthe gram-molecular weight 
of the above compounds is 14 grams. Hence, the probable atomic 
weight of nitrogen is 14. 


Limitations of Cannizzaro’s method. (1) This method is appli- 
cable only to those elements which can form a large number of 
volatile or gaseous compounds. (2) This method is based on the 
supposition that out of a large number of compounds of an element, 
at least one compound contains a single atom in its molecules. But 
this supposition may not be true in all cases. Hence, the atomic 
vaient determined by this method may not be the correct atomic 
weight, 


Importance of Avogadro’s hypothesis in Chemistry. Avoga- 
dro’s hypothesis playsan important role in the advancement of 
Chemistry. Although the hypothesis has not been proved by 
direct experiment, the deductions made from it have been found to 
be in exact agreement with the experimental results. For this 
reason, it is also called Avogadro’s theory. 


(1) Avogadro's hypothesis first introduced the concept of 
molecule and made a clear distinction between atoms and molecules. 
It modifies the Dalton’s atomic theory and establishes it on a firm 
basis. 


(2) It has been possible to determine the atomicity of the 
molecules of gaseous elements with the Help of Avogadro’s hypo- 
thesis. 


(3) Avogadro’s hypothesis explains clearly the Gay-Lussac’s 
law of gaseous volumes. 


(4) The important deductions which are made from Avogadro’s 
hypothesis are mentioned below : 


(i) The molecules of gaseous elements (viz., hydrogen, oxygen, 
nitrogen, etc.) are diatomic. 

(ii) Molecular weight of a substance is twice its vapour density. 

(iii) The molar volume ofall gaseous substances is the same 
and is equal to 22:4 litres at N. T. P. 


(iv) Molecular formula of a gaseous compound can be deter- 
mined from its volumetric composition. 


(v) This hypothesis helps in the determination of atomic weight 
of elements (Cannizzaro's method). 


All these deductions have been of immense help in the advance- 
ment of Chemistry. 


Experimental determination of relative densities. The relative 
density of a volatile liquid can be determined by the following 
methods : 


(i) Vietor Meyer's method. Inthis method, a known weight 
ofliquid is vaporised and its vapour is caused to displace its own 
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volume of air, which is collected and measured at the temperature 
of the room. 

The apparatus consists of along glass tube ‘a’ with a bulb 'b' 
at its end. A bent gas delivery tube ‘S’ leading to a pneumatic 
trough is fused into the upper part of the long tube ‘a’. The tube 
is then placed into the flask *c' containing a liquid whose boiling 
point is about 30^ higher 
than that of the liquid whose 
relative density is to be deter- 
mined. A rubber stopper is 
inserted in the mouth ofthe 
tube ‘a’. The liquid in the 
flask ‘c’ is heated to boiling, 
the air in the tube ‘a’ expands 
and is expelled through the 
tube *S' as bubbles. When the 
stream of air bubbles ceased, 
indicating that the tempera- 
ture has become constant, a 
measuring tube T filled with 
water is brought over the 
end of the tube S. A small 
bottle D is first weighed 
empty and then weighed again 
after having been filled with 
the liquid whose vapour 
density is to be determined. 
b The rubber poppa: is re- 
Fig. 44 moved and the bottle D is. 

T dropped into the tube ‘a’, 
the stopper being quickly replaced. A little glass wool or mercury 
is placed in the bottom of the tube “a” to prevent fracture. 

The liquid in D quickly vaporises (the stopper of D is blown 
out) and the vapour displaces its own volume of air which is 
collected in the graduated tube. When no further bubbles of air 
pass into the graduated tube, the water levels in the graduated tube 
and in the cylinder are equalised and the volume of air is read off 
and the temperature and barometric pressure are noted. 


Calculation. Let the weight of empty bottle=W, grams 
the weight of the bottle+liquid=W, grams 
volume of air displaced=Ve.c. 
temperature of water=t°C 
barometric pressure=P mm. of Hg. 
aqueous tension at C=f mm. of Hg. 

Weight of liquid taken=(W, — W,) grams. 

j ^ V(P-/)x273.. 
. volume at N. T. P.— (30x C.c.= V, c.c. (say) 
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Now, it is found experimentally that 
1000 c.c. of hydrogen weigh 0°09 gram at N.T.P. 


V, c.c. of hydrogen weigh 0:09 x V1 9.90009 x V, grams at 


1000 
N.T.P. 
A > BU PENNE Wa) 
Hence, the relative density of the liquid 000009 x V; 
m -Wai js 
M 7N x10 


(b) Measurement of relative densities of gases by diffusion. 
"The apparatus consists of a glass tube about 70 cms. long and 1 cm. 
wide. The tube is sealed at one end with a thin 
plug of plaster ofparis which actsas porous dia- 
phragm. There are three rubber bands x, y and z 
round the tube. The tube is first filled with hydro- 
gen and immersed upto the mark x in a jar o 
water. As hydrogen diffuses through the porous 
diaphragm, water rises inside the tube. The time 
taken, Tg, for water to rise upto the mark y is 
noted. The experiment is repeated with other 
gases and the time T, required for water to rise 
upto the same mark y is noted. The relative density 
of the gas is calculated from the following equation 


(sce diffusion). 


JD, T, where D, =relative density of the gas and Du, = 
JDn $ THs 


relative density of hydrogen. 
Since the relative density of hydrogen is 1, the relative density 
of the gas can be calculated from the above equation. 


Problems 


Ex. 1. Two volumes of nitrogen oxide, NO, unite with one 
volume of oxygen to produce two volumes ofa new gas. Deduce 
the formula of the new gas. 


Solution: By Avogadro's hypothesis, we know that equal 
volumes of all gases at the same temperature and pressure contain 
the same number of molecules. Let m be the number of molecules 

resent in 1 volume of oxygen. Now, according to the data pre- 
sented in the problem, we get, 
2 vol. of nitrogen oxide+ 1 vol. of oxygen 2 vols of the new gas. 
2n molecules of nitrogen oxide--m molecules of oxygen 2n mole- 
cules of the new gas. 
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2 molecules of nitrogen oxide+1 molecule of oxygen=2 molecules 
of the new gas. 


Let N;O, be the formula of the new gas. Then the reaction can 
be expressed by the following equation : 
2NO +1 0,=2N,0, [i oxygen molecule is diatomic. ] 
Calculating the number of nitrogen atoms and oxygen atoms in 
the left hand side of the equation, we get x=1,y=2. Hence, the 
formula of the new gas will be NO,. 
Ex. 2. 111-4 c.c. of a dry gas weighs 0:28522 grams at 27°C and 
750 mm. of Hg. Calculate the molecular weight of the gas. 
Solution: Let V c.c. be the volume of the gas at N.T.P.. 4 
760xV 111:4x750 
Hence, 3 7 399 — 
111-4 x 750x273 _ 
or, Ve 60x300 19 100 c.c. 
Therefore, 100 c.c. of the gas weigh 028522 grams. Or, | litre 


weighs 2°8522 grams, Therefore, 22:4 litres weigh 22:4 x 2:8522—64 
grams. Hence, the molecular weight of the gas is 64, 


Ex. 8. Calculate the weight of 100 litres of hydrogen chloride 
at 100°C and 756 mm. pressure. 


Solution: Let V be the volume of hydrogen chloride at N.T.P. 
760 mm. x V. 100 litre x 756 mm. 
Then, Dd I 


deg. 373 deg. 
1003756273. ,,.,. 
or, V= 73x 760 7:728 litres, 


The gram-molecular weight of hydrogen chloride is 36:5 grams 
and this weight occupies 22:4 litres at N.T.P. Hence, 22:4 
litres of hydrogen chloride weigh 36*5 grams, .'. 72:8 litres of hydro- 


gen chloride weigh XI. 118:59 grams, 
Ex. 4. What is the density of th Paes dioxide at standard con- 
ditions? Vapour density of sulphur loxide is 32, 


Solution : Molecular weight of sulphur dioxide 2 x 32— 64, 
At standard conditions, 64 grams of sulphur dioxide Occupy 22:4. 
litres. The density is weight per unit volume, that is, 


Density of sulphur dioxide— $f 257 grams/litre. 


` Ex. 5. Find the density of chlorine at 27°C. Molecular weight 
of chlorine is 71, 


Solution: The Weight of 1 litre of chlorine at standard con- 


sas n g TAY * 
ditions is Wa lite? 17 gram/litre. 
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Let p, be the density of the gas at 27°C. 
Since the densities vary inversely as the absolute temperature, 


317 gilitre_(273-+27)_300 o, p, — 273 
—pn. Q0 273 ?" Fi7 gflitre 300 
or, Pim A x 3-17 gram|litre.—2:9347 gram/litre. 


Hence, the density of chlorine at 27°C=2'9347 gram/litre. 
_ Ex. 6. 01298 gram of carbon tetrachloride when vaporised 
in Victor Meyer's apparatus displaced 20°0 c.c. of air collected over 
water at 15°C an 7697 mm. of Hg. Calculate the molecular 
ad of the substance. Aqueous tension at 157C—1277 mm. 
of Hg. 


Solution: Volume of vapour— Volume of air displaced. Volume 
; E (76977 —1277),,273 19. 
of air at N.T.P. 20x— M —* 588")? 9 c.c. 


Hence, 0:1298 gram of carbon tetrachloride occupies 189 c.c, 
at N.T.P. Hence, normal density of carbon tetrachloride is 

01298 gram or 0°1298 gram 

18:9 c.c. * 00189 litre 

Hence, gram-molecular weight- 6:87 gram/litre x 22:4 litre 

=154 gram 
molecular weight- 154. 
x. 7. What volume will 34 grams of ammonia, NH,, occupy 
at 100^C and 400 mm. pressure ? 
Solution. Gram-molecular weight of ammonia=(14+3x 1) 
=17 grams 
17 grams of ammonia occupy 2274 litres at N.T.P. 
34 grams of ammonia occupy 44°8 litres at N.T.P. ; 

Let V, be the volume of the gas at 100°C and 400 mm, pressure, 
Then 760 x 448 _ 400 x Vs 

TIS 373 
. 760x 448 x 373 _ 146.97 li 
Nae 273x4 =116°27 litres. 

Ex. 8. 111°4 cc. ofa diatomic gas weighs 0:28522 grams at 
27°C and 750 mm of Hg. Calculate the atomic weight of the 
gas, Also calculate the weight in gram of one atom. 

Solution. Let Vc.c. be the volume of the gas at N. T. P. 

760xV 11l:4x750 
2/27 2t MN) 
111:4x 750 x 273_ 
760% 300 =100 c.c. 


—6:87 gram/litre, 


Hence, 


or, V= 
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Therefore, 100 c.c. of the gas weigh 028522 grams or, 1 litre 
weighs 2:8522 grams. Therefore, 224 litre weigh 22:4 x 2°8522=64 
grams. Hence, the molecular weight of the gas is 64. 


Its atomic weight = =32 


4 — 32 Bram) a, -28 2 
Weight of one atom ok 10537? 311 x 107?? gram 


Ex. 9. A gas mixture containing 80% CO and 20% CO, by 
volume exists at 27°C and 750 mm pressure, How many grams of 
CO, are present in 1*52 litres of this gas mixture ? [ H: $.,*78] 


Solution. Let the volume of the gas mixture at N, T. P. be Vig. 


750 mm x 1°52 litres 760 mmxV, 
Then, 3 - 273 


—750x1:52x273 .. : 
Va = 26035300 —1*364 litres. 


Volume of CO, at N. T. P.=20% 13640-2728 litres. 


Mol. wt. of CO,—(12--2 x 16)=44 
Now, 2244 litres of CO, at N, T. P. weigh 44 grams 
^ ; ign 44X 0:2728 n. 
0°2728 litres of CO, at N. T. P. weigh a Y =0°536 grams. 
Hence, 0°536 gram of CO, is present in 1:52 litre of the gas 
mixture, 
Ex. 10. 250 c.c. ofa gas at N. T. P. weigh 0:7317 gram. The 
density of hydrogen at N. T. P. is 008987 gram/litre. What is the 


vapour density of the gas? Calculate its molecular weight. 
[J. E. E., ’78 ] 


Solution. Weight of 1 litre of the gas at N. T. P. 
40530 X 1000 _ 5.9968 brant 


Weight of 1 litre of hydrogen at N. T. P.=0'08987 gram, 
Vapour density of the gas 
= Weight of 1 litre of the gas at N. T. P. 
Weight of 1 litre of hydrogen at N. T. P. 
2:9268 ; 
E 7732 567. 
Molecular weight of the gas— 32:567 x 2=65'134, 
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Ex. 11. From 200 mg of CO,, 10?! molecules are removed. 
How many moles of CO, are left ? [I.I T., ’78] 


Solution. Gram-molecular weight of CO, 
=(12+2 x 16) gram=44 gram 
Hence, 44 x 1000 mg is the weight of 1 mole of CO, 
: 4 1x200 . c. on4«. 
200 mg. is the weight of 44x 1000 004545 mole of CO} 
56:023 x 10°* molecules are present in 1 mole of CO,. 
10*1 molecules are present in _1x 10°? 0.00166 mole of 


6:023 x 105 
CO, 
Hence, mole of CO, left=0-004545 — 0-001660 
=0:002885. 


Ex. 12. Assuming the density of water to be 1 gram/c.c., find 
the volume occupied by one molecule of water. The atom of oxygen 
in this molecule occupies about half of the above volume. What 
is the approximate diameter of an oxygen atom ? { 1.1. T.,,*69] 

Solution : Gram-molecular weight of water=18 grams 

Volume of 18 grams of water=18 c.c. 
18 grams of water contain 6023 x 10** water molecules. 
18 c.c. of water contain 6:023 x 10** water molecules. 
Hence, volume of 6:023 x 10** water molecules —18 c.c. 
x 18 
Volume of 1 water molecule= c5 x ED 
=2'988 x 107?? c.c, 
Now, volume of 1 atom of oxygen - 298810 0t 
71:494 x 107?? c.c. 
Let the radius of the oxygen atom be r, then 1zr?—1:494 x 10-2, 
or, $x*$xr?-—1:94x107?* 
is p (Lex 10-28 x7 x 3\4 
4x22 
— (9:565 x 10-*4)# —1:5276 x 10-8 cm. 
Diameter of oxygen molecule=2 x 1:5276 x 10-5 cm. 
=3-0552 x 1075 cm, 

Ex. 13. 33'6c.c. of phosphorus vapour weigh 00625 gram at 
546°C and 76 cm. Hg pressure. What is the molecular weight of 
phosphorus? How many atoms are there in one molecule of phos- 
phorus vapour ? [I.I T., '69] 
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Solution: Let the volume of phosphorus vapour at N.T.P. be 
16€" 


Vix76 336x76 —11-07 c.c. 
Hence, CEN = 4643273y whence V, 07 c.c 


11*07 c.c. of the vapour at N.T.P. weigh 0°0625 gram 
22400 c.c. of the vapour at N.T.P. weigh 9x5 ox 22400 gram 
=126°34 grams. 
Molecular weight of phosphorus 126:34 
Atomic weight of phosphorus=31 í 
Number of atoms in 1 molecule of phosphorus vapour 2 
-12634 , 
31 $ 
Ex. 14. In an experiment, radium disintegrates giving 
1°602 x 1017 alpha particles (i.e., 1°602x1017 helium atoms). The 


resultant helium gas occupied 0*5 c.c. at 27°C and 10 mm. pressure, 
Calculate the Avogadro number. 


Solution: Letn bethe number of moles of helium present in 
heli ? =PV  10/760atmx0'5x10-* litre — 

kae amend RT 0-082 litre-atm/deg. K. mole x 3007 K 
=0°266 x 107^ mole 


Hence, 0*266 x 10-* mole of helium contain 1*602 x 1017 helium 
atoms, 


1 mol i in 1°602 x 10" €. 25 
e of helium contain 0:266x 10-7 602 x 10 


Avogadro number calculated in this way is 6:02x 10?*, 


Ex. 15. A molecule of a compound contains 4 hydrogen atoms, 
1 oxygen atom, 2 nitrogen atom and 2x 10-23 gram of another 
element. Calculate the molecular weight of the compound, 


[N=6 x 10?*] 
Solution: The weight of 6x 102% hydrogen atoms=1 gram 


The weight of 4h ue 
ight of 4 hydrogen atoms 6x tors stam 
=0°666 x 107?? gram. 


^ 16 = 
The weight of 1 atom of oxygen= 6x1 grs 72:666 x 107?? gram. 


The weight of 2 atoms of nitrogen— a gram 


=4°666 x 107?? gram. 
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.". Total weight=(0°666 x 10729 +-2°666 x 107?* -- 4*666 x 107? 
+2x 107?*) gra: 
9:998 x 107?? gram. - 
1 atomic mass unit= 1*66 x 10-*4 gram 
9:998x 10-25... 
"66x i977 002. 

Ex. 16. The weight of 1 atom of an element X is 6:644 x 107** 
gram. How many gram-atoms of the element are present in 40 
kilograms of the element ? [LLTj?753 

Solution: 1 gram-atom of the element, X, contains 6°02 x 10?* 
atoms. 

The weight of 1 atom of X—6:644x 10 ** gram 


The weight of 6°02 x 10** atoms of X —6'644 x 107?* 
x 6°02 x 10** gram 


=40 gram. 
Now, 40 gram=1 gram-atom of the element 
40 x 1000 gram= 1000 gram-atoms of the element 
.. 40kilograms of the element contain 1000 gram-atoms of the 
element. 


Ex. 17. The atomic weight of germanium (Ge) is 72:6 and its 
density is 5:4 gram/c.c. What is the volume of 1 atom of germa- 
nium? What is the radius of its atom ? 


Solution : 1 gram-atom of Ge—72'6 gram 


Molecular weight= 


The volume of 1 gram-atom=12 S= 13-44 c.c. 


Again, 1 gram-atom of Ge contains 6°02 x 10?* atoms. 
The volume of 6:02 x 10?? atoms 13:44 c.c. 
PUrim-12 X 107** oc. 
Let r be the radius of germanium atom. Then, 
frr? =223 x107?! 
e. $X32Xr8=2°23 x 10-** 
r8=5°32 x 107?* cm. 
r= 1°7457 x 1075 cm. 


Ex. 18. What isthe weight of 111°4c.c. ofa gas at 27°C and 
750 mm. pressure ? Vapour density of the gas is 32. 


Solution: Let V c.c. be the volume of the gas at N.T.P. Then 
V—100 c.c. 


The volume of 1 atom= 


273 ree SOO 72) 
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The vapour density of the gas=32 
Its molecular weight=32 x 2=64 
Now, weight of 22400 c.c. of the gas at N.T.P.=64 grams 
The weight of 100 c.c. of the gas at N.T.P. 
M —0:285 gram. 
-. The weight of l1l:4 cc. of the gas at 27°C and 750 mm. 
pressure is 0:285 gram. 


Ex. 19. At thesame condition of temperature and pressure, 
the density ofa gaseous elementis 5 times the density of oxygen. 
Ifthe molecule of the element is triatomic, what is the atomic 
weight of the element ? [ H. S.,'80] 


Solution : The relative density of oxygen (H=1)=16 
.. The relative density of the gas=16 x 5—80 
The molecular weight of the gaseous element —2 x 80=160 


Now, atomic weight of the element Molecular weight 
Atomicity 


—160 s3. 
aaa 33. 


Ex. 20. An element Eforms two gaseous hydrides A and B. 
The compound A and B contains 75% and 80%, E respectively. The 
vapour densities ofthe two compounds are 8 and 15 respectively. 
If the molecule of A contains one atom of E, what is the atomic 
weight of E. Determine the formula of A and B. [ H.S., 64] 


Solution : The molecular weight of A=8 x 2=16 
The molecular weight of B=15 x 2=30 
Let the molecular formula of A be EH, 


75 

. . The number of atoms ofE_ a 1 

'' The number of atoms of H 25 n 
L 

[ a=atomic weight of E ] 


75 ace We 
053574 75n=25a 
75n 
a= 5 —3n (1) 
Again, a+nx1=16 
3n+n=16 J.on-4 
a=4x3=12 


Atomic weight of E=12 
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The formula of A is EH,. 
Let the molecular fomula of B be E,H, 


<. px1244x1230 sehe) 
Again, An or, Pat 

JS 3p=q she, aba) 
From equations (2) and (3) we get 

12p+3p=30 Pood5pe30 | p=2 

"s g=6 


Hence, the molecular formula of B is E,H,. 


Ex. 21. From the following data, calculate the atomic weight 
of oxygen by Cannizzaro’s method : 


Compounds Vari omer % Oxygen 
Water vapour 9 88:9 
Carbon dioxide 22 72:9 
Sulphur dioxide 32 50 
Nitric oxide 15 53:33 


en ee ee SE eee aem. 
Solution. Water vapour: Molecular weight=9 x 2—18 
Amount of oxygen present in 1 gram-molecule of 
88°9 x 18 
=- = 16 
water vapour 100 
Carbon dioxide : Molecular weight=22 x2—44 
Amount of oxygen present in 1 gram-molecule of 
729 X44 _ 59 
100 
Sulphur dioxide : Molecular weight=32 x 2—64 
Amount of oxygen present in 1 gram-molecular 


carbon dioxide= 


weight of sulphur dioxide = 0X64 _39 


Nitric oxide : Molecular weight=15 x 2=30 
Amount of oxygen present in 1 gram-molecular 


weight of nitric oxide=22 99X30 _ 16 
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The results are tabulated below : 


Amount of oxygen 
Vapour | Molecular present in 1 gram- 


Compound density | weight |% Oxysen | Molecular weight of 
(H-1) | (M-2D) the compound 


Water vapour 9 18 88-9 16 (=16x 1) 

Carbon dioxide 22 44 729 32 (=16x 2) 
Sulphur dioxide 32 64 50 32 (=16x 2) 
Nitric oxide 15 30 53333 16(=16x1) 


From these results we find that the minimum amount of oxygen 
present in one gram-molecular weight of different compounds is 16. 
Hence, the atomic weight of oxygen is 16. 


EXERCISE 
I 


1, State Gay-Lussac’s law of combining volumes. Explain how this law 
“suggests that the particles present in elemental gases may not be atomic particles. 


2. State Avogadro’s hypothesis. How does this hypothesis lai - 
Lussac's law of combining volumes ? Ay SEDISIDNay 


3. How will you prove that oxygen cannot be a monatomic molecule ? 


mad Ra a mede Dues ber Mi byt n 
(b) rores fr epe Ra aero pardoes contains two atoms 
molar volume (or gram-moleculat volume) of any ga ir 224 ns at D gY, Uhat 
litres at N.T.P. ccupies 22:4 
(eben ted ges involved in the determination of atomic weight by 
pes es ce etc om ft i 


10. Describe an experimentation in which the phe: " Y 
utilised in the determination of the relative density oh bero nina = 
11, Define molecular weight and vapour density. P; ; 
weight is twice the vapour density. AERIS hs ERAI 

12. Prove that the molar volume of all gases is the sa; p 
litres at N.T.P. me and fsoqual to 224 


s A 
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13. State Avogadro's hypothesis, How does it explain the Gay-Lussac’s law 
of combining volumes ? [J.B.E., ’73] 


14. State the hypothesis which connects the Gay-Lussac's law of combining 
volumes and  Daiton's atomic theory. With the help of this hypothesis, show 
that molar volume of any gas is 224 litres at N.T.P, [ J.E.E,, *70 ] 


15. With the help of Avogadro's hypothesis, show that the molecular weight 
of a gas is twice its vapour density, H. S., '80 


16. (a) State Avogadro's hypothesis, [ H. $,,'78,780 ] 


(b) How does this hypothesis explain the Gay-Lussac's law of gaseous 
volumes ? 


17. How is the atomic weight of an element determined by Cannizzaro's 
method with the help of Avogadro's hypothesis? What are the limitations of 


the method? Give the definition of atomic weight on the basis of the principle 
of this method, 


18.(a) Establish a relation between norma] density and vapour density, 


(b) Howis Dalton's atomic theory modified by Avogadro’s hypothesis ? 
What is che usefulness of Avogadru's hypothesis ? Mention the role of 
Avogadro's hypothesis in the advancement of Chemistry. 


19, “Under ths same conditions of temperature and pressure, equal volumes 
of all gases contain equal number of atoms.”—How and by whom is this 
hypothesis modifled ? State the moditied hypothesis, With the help of this 
hypothesis, show that hydrogen molecule is diatomic, 


20. Write notes on: (a) Atom and molecule, (b) Mole and Avogadro 
Dumber, 


21. What do you mean by atomicity of elementary gases? How isthe 
Atomic weight determined from atomicity of the elementary gases ? Explain 
with an example, 


II 


22, (i) How is the weight of one atom of an element or the weight of one 
molecule of a substance determined by Avoyadro's hypothesis ? 

an What is the value of 1 amu in gram ? 
* (ii) What do you mean by 1 mole of oxygen atoms, 1 mole of oxygen 
molecules and 1 mole of electrons ? 

(iv) Which of the following contains largest number of molecules ? 

2 mole of CO; ; 44 grams ot CO; and 30 litres of COs at N.T.P. 

(v) What is the weight of Avogadro number of molecules of oxygen ? 

(vi) Which of the tollowing contains largest number of atoms ? 

0'1 gram-atom of nitrogen, 10 grams of nitrogen, 
and 1172 litres of nitrogen at N.T.P. 

(vii) Which of the following contains greater number of atoms ? 

11 grams of sodium and 1 mole of sodium. 

viii) Which one of the following ha» smaller mass ? 

x 10-20 molecules of oxygen and 0:2 mole of oxygen molecules, 
i) What is the volume of 32 grams of Oxygen at N.T.P, ? 


x) You are given 1 gram and | gram-atom of an element. Which one will 
contain greater number of atoms ? 


(xi) Which one of the following has greater mass ? 

1 mole of Cle, 1 mole of Cl and 1 mole of Na 

23. Applying Avogrado's hypothesis calculate the molecular formula of the 
compounds from the following results : 

(i) 1 volume of nitrogen combines with 3 volumes of 
2 volumes of ammonia, Ihe vapour density of ammonia =8°5, 


1 mole of nitrogen atoms 


hydrogen to form 
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(ii) 1 volume of hydrogen combines with 1 volume of chlorine to form 
2 volumes of hydrogen chloride. The vapour density of hydrogen chloride is 
18:25. [ H. S., '60] 

(iii) Carbon dioxide contains its own volume of oxygen ; its vapour density 
is 22. [ H. S. (Comp.), '63] 

(iv) 2 volumes of hydrogen combine with 1 volume of oxygen to form 
2 volumes of steam. The vapour density of steam is 9, 

(v) Carbon monoxide contains its half of its volume of oxygen. Its vapour 
density is 14. [ H. S., 641 


m 


24. Ono volume of carbon monoxide unites with one volume of chlorine to 
produce one volume of phosgene. Determine the formula of phosgene. 
[Ans COCIe] 


25. How many molecules does 1 ml, of hydrogen contain at N.T.P. ? 
[ Ans. 26888 x 101° molecules ] 


26. What is the volume which 2:6888x10?^ molecules would occupy at 
N.T.P.? [Ans. 10c.c.] 


27. 1litre ofa p weighs 1:429 grams at S. T.P. What is (a) the molecular 
weight of the gas, (b) the gram-molecular weight and (c) the weight of one mole. 
[Ans. (a) 32, (b) 32 grams and (c) 32 grams] 


28. Calculate the molecular weight of a gaseous compound of which 0:1353 


gram occupies 150 ml at 127°C und 759 mm. pressure. [Ans. 30] 
29, What volume will 170 grams of ammonia, NHs, occupy at 227°C and 
200 mm. pressure? N«14 [Ans. 1557c.c.] 


Ans, 1:96 grams/litre ] 


31. Calculate the weight of 10 litres of hydrogen sulphide, HS, measured at 
147°C and 740 mm pressure. The molecular weight of hydrogen sulphide is 34, 
[ Ans, 961 grams ] 


32. Two volumes of phosphine contain three volumes of hydrogen. If the 
relative density of phosphine is 17, calculate the true formula of phosphine (At. 
wt, of P=31) (Ans PHs} 


33. Determine the atomic weight of nitrogen by Canniz: E 
least weight from the following data : PW ages of 


30. What is the density of carbon dioxide, CO,, at standard conditions ? 
[ 


Compound Relative density % Nitrogen 


Ammonia 8'5 823 
Nitrous oxide 22 636 
Nitric oxide | 15 46:6 
Dinitrogen tetroxide 46 30:4 


34. The weight of 350 ml. of a diatomi vc Henu15001 
34. we i ic gas at 0° à 
1gram. Calculate the weight in gram of one atom. and 2 atm pressure is 

(Ans, 26564x10-5 gram] [I 1. T., 70] 


—— T, 
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35. 0°44 gram of a colourless oxide of nitrogen occupies 224 ml. at 1520 mm, 
Hg and 273°C. Identify the compound. How much in gram does one molecule 
of this compound weigh ? [ Ans. 7:305x10-7*? gram ] [LLT;-7U) 
[Hints: Determine the molecular weight of the compound. It is 44. Hence 
the compound is N20 because its molecular weight is 2x 144-16 —44, ] 
36, It was found that 380 ml, of a gas at 27°C:and 800 mm. of Hg weighed 
0:455 gram. Find the molecular weight of the gas. [Ans 28][LI. T., 75] 
37. How many molecules of oxygen are present in 1 c.c. of oxygen at 
N.T.P.? What is the weight of 1 atom of oxygen ? 
[ Ans. 268x1019 molecules ; 2:656 x 10-28 gram ] [ J. E. Es 76] 
38. 20:95 litres of nitrous oxide weigh 3:95 gram at 17°C and 770 mm. of Hg, 
What is the weight of 500 c.c. of the gas at N.T.P. ? 
[ Ans. 0:197 gram J [J. E. E., 71 ] 
39. The density of a gas is 2:8 gram|litre at 27°C and 740 mm. of Hg. 


Determine the molecular weight of the gas. [Ans, 70:8] 
40. 10 gram of a liquid when vapourised occupy 3:86 litres at N.T.P, 
Calculate its molecular weight, (Ans, 583] 


41, What is the density of helium at 527°C and 1520 mm, of Hg? 
[ Ans, 0122 gram/litre ] 
42. At4°C the density of water is 1 gram/cc. If 1 c.c, of water contains 
20 drops, calculate the number of molecules present in 1 drop of water, 
[Ans. 167x101: ] 
43. On analysis of a carbon compound it is found that it contains 0'6% 
carbon. Ifeach molecule of the compound cantains 1 carbon atom, what is the 


molecular weight of the compound ? { Ans. 2000] 
44. (a) One atom of an element weighs 2:656x10—* gram, What is the 
atomic weight of the element ? [Ans. 16] 
(b) One atom of an element weighs 2:656 x 10729 gram, Calculate the number 
of gram-atoms present in 16 kilograms of the element. [ Ans. 1000] 
45. One molecule of an clement weighs 2'991 x 10-25 gram. What is the 
molecular weight of the element ? [ Ans, 18016] 
46. 2x10? atoms of carbon are removed from 0'6 gram of carbon. What 
is the number of atoms left ? [ Ans, 10115x10%2 ] 


47. The atomic weight of a metal is 23, and its density is 1 gram/c.c. 
(i) What is the volume of 1 atom of the metal? (ii) If the molecule is 
spherical, what is its radius ? [ Ans, 2:088x10-5 cm. ] 

48. Bach molecule of a compound contains 12 carbon atoms, 22 hydrogen 
atoms and 29216x10-?* gram of another element. Calculate the molecular 
weight of the compound. (N 6x 10?*) [ Ans. 341298] 

49. An element E forms two gaseous hydrides A and B. A and B contains 
75 and 81'81% of E respectively and their vapour densities are 8 and 22 respec- 
tively. If the molecule of A contains 1 atom of E, calculate the atomic weight 


of E and determine the formula of A and B, [ Ans. 12, EH, and EgH, J 
50. Calculate the amount of sulphur which contains twice the number of 
atoms as is present in 24 grams of carbon. [Ans. 12:8 grams 1 


51. Equal weights of two gases are kept in two separate containers at the 
same temperature and pressure. If the ratio of the molecular weights of A and B 


is 2:3, what is the ratio of the volumes of the containers, [Ans, 3 : 2] [H.S., *82] 
52. One gram of a gas occupies 280 ml. at N,T.P, Calculate the molecular 


weight of the gas. [Ans 80] 
53. 1:5276 gram of CdCl, contain 0:9367 gram of cadmium. Calculate th 
atomic weight of cadmium. (Cl-355) CAns 11252] [L L T.,75] 
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CHAPTER V 
CHEMICAL CALCULATIONS 


The derivation of the formula of a compound from its percentage 
composition. 

To establish the formula ofa compound, one must require the 
following four sets of data which are usually found by experiment : 
(a) the elements present (b) the percentage of each element which is 
the weight of each element in 100 parts by weight of the compound 
(c) the gram-molecular weight of the compound and (d) the atomic 
weight of each element present, The first three sets of data are 
obtained by laboratory work—the first is found by the processes of 
qualitative analysis, the second by means of a quantitative 
analysis and the third by the actual measurement of the gram- 
molecular weight. The atomic weights are obtained from the atomic- 
weight table. 

Let the elements A and B form the compound of formula A,B,, 
where m and m are the number of atoms of A and B respectively 
and let the atomic weights of A and B be a and b respectively. Then 
E. total weight of the elements in the formula isnxa+mx b. 

ence, 


na x 100 
na--mb 
mb x 100 
na 4-mb 


the percentage of A na x 100 x na+mb _ na 


"* thepercentage of B na--mb ^ mbx100 mb 


the percentage of A , the percentage of B 
a t b Fr 


the percentage of A— 


the percentage of B= 


n:m 


the percentage of A , the percentage of B 
atomic weight of A ' atomic weight of B. 


—the number of atoms of A : the number of atoms of B. 
Hence, the ratio of the numbers of atoms present ( n : m ) is 
ae by dividing each percentage by the corresponding atomic 
weight. 
Hence, to calculate the formula from percentage composition : 
(i) divide each percentage bythe corresponding atomic weight 
of the element to obtain the ratio of the number of atoms present. 
(ii) reduce the ratio of numbers so obtained to a ratio of 
smallest whole numbers because the number of atoms in a formula 


ie., 
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must be integral. This may be done by dividing each number 
by the smallest of them and the ratio of the smallest whole numbers 
would then be apparent. 


The simplest formula or the “least common denominator’ 
formula thus obtained from the percentage composition is known as 
the empiricical formula. Empirical formula is not necessarily the 
molecular formula. The molecular formula may be the empirical 
formula or a multiple of empirical formula. Let the empirical 
formula of a compound be A,B, ; r: s being the ratio of simplest 
whole numbers ; then 


(A,B,),— molecular formula; where n is a simple integer or 


(ra--sb)n— molecular weight, where a and bare the atomic weights 
of A and B respectively. 


— molecular weight 
ra+sb 


The value of n can be determined, provided the molecular weight 
is known. 


‘or example, in benzene the ratio of its constituent elements 
C:H=1:1. Hence, its empirical formula is CH. Therefore, its 
molecular formula is (CH),. Now the molecular weight of benzene 
is 78. 


Mi 


sut sU pes] Yat 
1241 13 
Molecular formula of benzene is C,H,. 
Glucose contains carbon, hydrogen and oxygen and the ratio of 
atoms of these elements (C: H: O)=1:2: 1. Hence, the empirical 


formula of glucose is C,H,O,. It has been found experimentally 
that the molecular weight of glucose is 180. Hence, 


ates 1: TUR 17 
I2+2+16 30 


«`. Molecular formula of glucose is (C,H,0,)x6 or, C,Hj,0;; 


The calculation of percentage composition from the formula. 
The percentage composition of a compound expresses the weight of 
each constituent in 100 parts by weight of the compound, Hence, if 
the formula of a compound is known, the percentage of each 
element in the compound can be calculated easily. The weight 
of each element divided by the molecular weight calculated from the 
molecular formula times 100 will yield percentage of the element, 
Thus, to determine the percentage composition of a compound : 


(i) Calculate the molecular weight (i.e., the sum of the atomic 


weight of all the constituent atoms) of the compound from the 
molecular formula. 


.n 6 


6 
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(ii) Divide the total weight of the element in the molecular 
formula by the molecular weight and then multiply the ratio by 100. 

Formula weight is used in place of molecular weight when the 
actual molecular weight has not been determined. The formula 
weight like the molecular weight of a compound is the sum of the 
atomic weights of the elements represented by the known or 
assumed formula of the compound. To illustrate the procedure, 
let us calculate the percentage of carbon in the compound whose 
molecular formula is C,H,. The molecular weight of the compound 
is2x12--6x1 or 30 where 12 is the atomic weight of carbon and 
1 is the atomic weight of hydrogen. Hence, 30 parts by weight ^ 
of C,H, contain 2 x 12 or 24 parts by weight of carbon. 


100 parts by weight of C,H, contain En —80*0 parts by 


weight of carbon. 
percentage of carbon in C,H, is 80:0. 


Problems 


Ex. 1. A compound is found by chemical analysis to contain 
4000% carbon, 6°72% hydrogen and 53°28% oxygen. The molecular 
weight of the compound is 60. Calculate the molecular fomula of 
the compound, 

Solution. Dividing the percentage of each element by its atomic 
weight, we get 


= 40°00 4.433. qg-972 645. 925328. 3. 
C= 7333; H-47-267; O=2 =. 


The numbers 3:333, 6°72 and 333 are approximately in the ratio 
of the number of atoms present. Dividing the numbers by the 
lowest number 3:33 to transform them into simple whole numbers, 
since fractions of atoms are never found in chemical compound, 
we get 

2531333. 4 5309 A A 520045333. 
C-L—--1; H 433? ; 0=7337l 

Hence, the simplest or empirical formula of the compound is 
CH,O. Its molecular formula is, therefore, (CH,O), where n is a 
simple integer. 

molecular weight of (CH,O), —60 
or, (12+2x1+16)xn=60 .. n= 202, 


the molecular formula of the compound is C,H,0;- 


CHEMICAL CALCULATIONS 133 


Ex. 2. An analysis of a compound shows that it contains 92°31 
per cent carbon and 7:69 per cent hydrogen. The density of the 
vapour of the compound with respect to hydrogen is 39. What is the 
molecular formula of the compound ? 


Solution. Dividing the percentage by the atomic weight of the 
respective element, we obtain 


29231 569; He 9.7.9 


mido 
Dividing each number by the highest common divisor, we get 
STO Eae 1:09 — 
Carga 1s Begég-l 


Hence, the empirical formula is CH and its molecular formula is 
(CH), where n is an integer. Since the vapour density of the 
compound is 39, its molecular weight is 78. Therefore, we can write 
the equation. 

molecular weight of (CH),=78 
(1x 124+1x1)xn=78 S. n=6. 
The molecular formula of the compound is (CH), or, C,H,. 


Ex. 8. Chemical analysis of a compound shows that it contains 
37:8% of carbon ; 6'3% of hydrogen and 55:99; of chlorine. When 
vaporised, 2:59 grams of the compound occupy 624 ml. at 100°C and 
775 mm. pressure. What is the molecular formula of the compound ? 
What is the accurate molecular weight of the compound ? 


Solution. Dividing the percentage of each element by its 
atomic weight, we obtain 
378 63 559 
gr. 35 = He 6. E227 s] 
Cc 2015.3 H i 63 CI 355 1:575, 
Dividing the numbers thus obtained by their highest common 
divisor, we get 
6:3 1:575 
€ -2: Hew — 
d 2; Msi) Corgi 
Hence, the empirical formula is C,H,Cl and its molecular 
formula is (C; H, CI), where n is a whole number. Now, let V ml. 
be the volume occupied by 2°59 grams of the compound at N.T.P. 


Vx760_ 624x775 


rae NEET ri E 
_ 624x273 x775_ 3 ; 
v= 0x373 106 ml. or, 0:466 litre, 


The gram-molecular weight is the weight of 22:4 litre at N.T.P. 
Now, 0:466 litre of the compound weighs 2:59 grams at N.T.P. 


134 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


Y PE -h 2°59 gram x 224 litre 
4. 224 litres of the compound weigh SSA litte 77 


—124:5 grams at N.T.P. 

Hence, the approximate molecular weight of the compound 
is 1245. 

Now, we can write the equation 
the molecular weight of (C,H,Cl),=124°5 
i 12194. ; 1245 
(2X12--Ax1-4-35446)xn—1245  .. = ago 
(since n must be a whole number) 

z. the molecular formula is (C,H,Cl), or C,H,Cl, and 
the exact molecular weight is 63:46 x 2—126:92. 

Ex. 4. Chemical analysis of a compound containing Na, S, O 
and H gave the following results : Na— 14:319, S=9-97% ; H=6'25% 
and O=69°47%. Calculate the formula of the compound on the 
assumption that all the hydrogen atoms in the compound are present 
in combination with oxygen as water of crystallisation, [ C. U., '18 ] 


Solution. Dividing the percentage of each element by its atomic 
weight, we get 

dO oM ROUTE d UNO S0 AE N 
Na——,,——0 62; S 3 031; H i 2625; O= Sie 34 

Dividing the numbers by their highest common divisor, we 
obtain 


AUG NINE E EOM G5 S ode. 
Na-oai-2: S=gq=1i Heggp-20; OF —14 


Hence, the simplest formula of the compound is Na,SH,,0,,4. ! 
Since all the hydrogen atoms are present in combination with 
oxygen, 20 atoms of hydrogen combine with 10 atoms of oxygen to 
form 10 molecules of water. 4 atoms of oxygen are thus left. The 
formula of the compound is, therefore, Na,SO,, 10H.O. 

Ex. 5. On burning 4:3 grams of a hydrocarbon, 13-2 grams of 
carbon dioxide are evolved. The density of hydrocarbon vapour 
with respect to hydrogen is 43. Calculate the molecular formula 
of the hydrocarbon. 

Solution. C + 0, = CO, 

2 grams 32 grams 44 grams 
44 grams of carbon dioxide contain 12 grams of carbon 


*. 1372 grams of carbon dioxide contain Bx —3'6 grams 


of carbon. 
The hydrocarbon, therefore, contains 3*6 grams of carbon. 
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Hence, the weight of hydrogen present in 4:3 grams of hydro- 
carbon is 4:3— 3:6—0'7 gram. 
Let the formula of the hydrocarbon is C,H, where x and y are 
the numbers of atoms of carbon and hydrogen respectively. Then, _ 
the weight of carbon _ at. wt. of carbon x x _12xx_3°6 
the weight of hydrogen at. wt. of hydrogenxy 1xy 07 
9 aa Usigan Meso Viza 
A r OT y IRENE 
Hence, the empirical formula of hydrocarbon is C,H, and its 
molecular formula is (C,H;), where n is an integer. Since the 
vapour density of hydrocarbon is 43, its molecular weight is 
43x2—86. Thus, we can write the equation 
molecular weight of (C,H;),=86 
86 


or (3x1247x1)n—-86 ~. n= 


the molecular formula of hydrocarbon is thus (C,H). or C.H; 
Ex. 6. 2'24 grams of sulphur burn in oxygen to give 4°48 grams 
of an oxide. Calculate the formula of the oxide. 
Solution. Weight of sulphur in the oxide— 2:24 
weight of oxygen in the oxide =4748 — 2:24—2'24 gram 
Let the formula of the oxide be S,O, where x and y are the 
number of atoms of sulphur and oxygen respectively. 
; .the weight of sulphur at. wt. of sulphur x x 
Thén in $,0, ; the weight of oxygen at. wt. of oxygen X y 
the weight of sulphur , wt. of oxygen 


at. wt. of sulphur ` at. wt. of oxygen ^ 2n 
224 | 2:24, 224. 16 _x_1 
Fie vi DT pud 2220032252247 121 


Hence, the formula of the oxide is SO,. 
i . the weight of sulphur __32xx__2'24_ 
Alternatively ; «c weight of oxygen = Texy S 
322 Zio rele) 
16y rU) 39907: 
Hence, the formula of the oxide is SO,. ! 
Ex. 7. Ananalysis of a mineral gave the following results 


Silica............57:549, Times: 8:95% 
Alumina........16°28% Water.........-.17°23% 


Calculate the simplest formula of the mineral 
(Si=28, Al=27, Ca=40, H=1, O—16). 
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Solution, 

Molecular weight of (i) silica, SiO, —284-2x 16—60 
(i) alumina, A1,0, —27 x24-16 x 3—102 
(iii lime, CaO—40--16— 56 
(iv) water, H,O=2x1+16=18. 

Dividing the percentage by the respective molecular weight, we get 


S ROTE IER Op MEGS 
SiO =o =0'959 ; A1,0,— 102: —0:1596 
9895 _ 9.1598 - AE nA 
Go-go 1598 ; H,0=— 2520 956 
Dividing the numbers by 0:1596, we get 
231:9/0:959 08... 01596 — 
SiO, — 0.1596 =6; Al0,—5- 5967 | 
COE 22 20956 
O= T5067! 2 HL0= 0.1598 9 
Hence, the simplest formula of the mineral is 
CaO, A1,0,, 6SiO,, 6H,O. 


Ex. 8. Find the percentage composition of cryolite AIF,, 3NaF. 
Al=27; F=19; Na=23). 

Solution. The formula weight of cryolite 

=(27x1+19x 64-23 x 3)=210, 
-, 210 parts by weight of cryolite contain 27 parts by weight of 
aluminium. 
100 parts by weight of cryolite contain ax es 12:857 
Percentage of aluminium — 12:857 


Similarly, percentage of fluorine=6X19 x 100=54:28 


23 
0 


Ex. 9., When a crystalline salt is made anhydrous 4569 
in weight is observed. The chemical analysis of the nite 
shows that it contains 10:57; of Al, 15:19, of K, 24-89% of S and 49°6% 
of O. Calculate the empirical formula of the crystalline and 
anhydrous salt. [ C. U. I. Sc., H. S. °75 ] 


Solution. The ratio of the number of atoms i 
drous salt is present in anhy- 


percentage of sodium=°X x 100=32:85, 
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Al: K:S O0—M 3/3; 46 
—0:388 : 0:387 : 0774 : 31 
Beales toe 8 


=) qu : H 

-. The empirical formula of the anhydrous salt is AIKS,O, 

If the empirical formula and molecular formula of the compound 
is the same, then the molecular weight of the anhydrous salt is 

(27+ 39+ 64+ 128)=258 

100 parts by weight of the crystalline salt contain 45*6 parts by 
weight of water and 54:4 parts by weight of anhydrous salt. 

Hence, the ratio ofthe molecules ofthe anhydrous salt and 


water is a er 
1 544 | 45:6 E 
AIKS,O, : H,O=30 : S56 [ mol. wt, of water is 18] 


z021:2:53—1 : 12 

.. the empirical formula of the crystalline salt is AIKS,O,, 
12H,0. 

Ex. 10. The percentage composition of a colourless crystalline 
compound is given below : 

Sulphur—24:24%, nitrogen—21'21%, hydrogen—6:06% and the 
rest is oxygen. Determine the empirical formula of the compound. 
Name the componnd if it is a sulphate and its empirical formula and 
molecular formula is the same, $—32, O= 16. [H.S.,'61] 
Solution. Percentage of  oxygen—100— (24:244-21:21-- 6:06) 


The "ratio of the number of atoms in the compound, 
Net 92424. 21:21 . 6:06 , 48:49 
SRN He OM aa eee ee 
=0°757 : 1°515 : 6°06 : 3°03 
ml : 4 
Hence, the empirical formula of the compound is SN,H,O,. 
Since the compound is a sulphate it contains the sulphate (SO,) 
radical. As the empirical formula and molecular formula is the 
same, the molecular formula of the compound is SN,H,O, or 
(NH,), SO,. Hence, the name of the compound is ammonium 
sulphate. 

Ex. 11. A compound of carbon, hydrogen and nitrogen contains 
three elements in the respective ratio of 9 : 1 : 3-5 grams. Calculate 
its empirical formula. If its molecular weight is 108, what is its 
molecular formula ? [I I T., *73] 

SD, 
ion. VHGNEZ EDI 

Solution. C N 2 1i B4 
=0°75 : 1 : 0'25=3:4: 1 
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.. Empirical formula 2C,H,N 
Its molecular formula —(C,H,N), 
(3x 12+4+14)x=108 22 x2 
The molecular formula of the compound is C,H,N,. 


Ex. 12. When 2 grams of phosphorus is burnt in oxygen 3:54 
grams of oxide are formed. What is the empirical formula of the 
oxide? Calculate the molecular formula of the oxide if its vapour 
density is 110. [P—31] 


Solution, The weight of phosphorus—2 grams 
The weight of oxygen—3:54 — 2—1*54 grams. 


Let us suppose that the formula of the oxide is PxOy where x is 
the number of phosphorus atoms and y is the number of oxygen. 
atoms. Hence in PxOy, 


weight of phosphorus atomic weight of phosphorus x x 


weight of oxygen atomic weight of oxygen X y 
SET Si SAU ered 
154° 16xy Tea 


The empirical formula of the oxide is P,O, 


;. The molecular formula of the oxide=(P,O,), where n is a 
whole number. 


Its molecular weight=110 x 2=220 
(2x 31+3x16)xn=220 .. n=2 


Hence, the molecular formula of the oxide is twice its empirical 
formula and molecular formula is P,O,. 


EXERCISE 
1. What do you mean by empirical formula ? [ H. S., 67,70] 
2, What do you mean by molecular formula ? [ H. S., '70] 


3. How are empirical formula and molecular formula determined from 
percentage composition ? 
4. Chemical analysis of an oxide of iron shows that it contains 77:795 of 
Iron and 223% of oxygen. Calculate the empirical formula of the oxide. 
(Fe=56), ( Ans. FeO ] 
5. Calculate the empirical formula of a compound containing 43:49, of 
sodium, 11:325 of carbon and 45:32, of oxygen. (Na —23) [ Ans. NasCOs ] 
6. An analysis of a compound containing potassinm, sulphur and oxygen 
shows that it contains 44:855 of potassium and 18:4?, of sulphur. Calculate the 
simplest formula of the compound. (K=39, $232) [ Ans. KSO, J 
7. A hydrocarbon contains 937595 of carbon, and 6:257 of hydrogen, Its 
vapour density is 64. Calculate the molecular formula of the hydrocarbon. 
[ Ans. C;,Hs } 
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8. Chemical analysis of a chloride of silicon gives the following results : 
Si=16-46% ; C1— 83:549; 
The vapour density of the chloride is 85 (H=1). What is the molecular 


formula of silicon chloride? (Si=28) [ Ans. SiCl, } 
9, An analysis of chloride of carbon gives the following percentage 
composition. C=78%, C1 292:295 


Its vapour density is 77 (H1), Assuming that each molecule of the chloride 
contains one atom of carbon, calculate from these data,the atomic weight of 
carbon (Cl =35°5) [ Ans. 12] 

10. A compound consisting of nitrogen, hydrogen, and oxygen contains 357; 
of nitrogen and 5% of hydrogen. When heated, it evolves a gas which contains 
63:637, of nitrogen and 36:379; of oxygen. Calculate the simplest formula of 
each. [Ans. NH4NOs,NsO | 


11. A compound contains 100595 of carbon, 0:847; of hydrogen and 891% 
of chlorine. When vaporised 08575 gram of the compound occupy 250 c.c. at 
150°C and 760 mm. pressure, Calculate the molecular formula of the compound. 

[ Ans, CHCls ] 


12. A gaseous hydrocarbon contains 80% of carbon and 20% of hydrogen. 

500 c.c. of the gas at N. T. P. weigh 0678 gram. What is the formula of the gas ? 

[ Ans. C;Hc ] 

13. On burning an organic compound consisting of carbon, hydrogen and 

sulphur, 2'64 grams of carbon dioxide, 1°62 grams of water and 1:92 grams of 
sulphur dioxide were obtained, What is the formula of the organic compound ? 

[ Ans. CsHo8 ] 

14. 264 grams of carbon dioxide and 16:2 grams of water were obtained when 

13:8 grams of an organic compound were completely burnt. The vapour density 

of the compound is 23(H=1). What is its molecular formula? [ Ans. C4HoO | 


15. Two oxides of a metal contain 7:179 and 13'339% of eire, DE 


If the formula of the first be MO find that of the second. ns. MOs ] 
16. 0'5 gram of phosphorus gave 1'145 grams of an oxide on burning. What 
is the simplest formula of the oxide ? [ Ans, P305 ] 


17. An element forms two chlorides containing 77:459; and 85:137 of 
chlorine. If the molecular weight of the highest chloride be 208:5, calculate the 
valencies of the element assuming that each molecule of the chlorides contains 
only one atom of the element. [ Ans. 3 and 5 | 

18. A crystalline salt on analysis shows that it contains 9'8% of magnesium, 
13% of sulphur, 26% of oxygen (which is not present as water of crystallisation) 
and 51:295 of water, Calculate the simplest formula of the salt. (Mg=24) 

(Ans. MgSO,, 7H20 ] 

19. Calculate the formula of Glauber’s salt knowing that its 6°44 grams lose 
3'6 grams of water on dehydration and leave behind NagSO,. 

[ Ans. NasSO,, 10H4O ] 

20. An element, M forms a hydride containing 5:887 of hydrogen. It also 
forms two oxides containing 507; and 607; of oxygen respectively. Ifthe atomic 
weight of the element is 32, what are the formulas of the hydride and the oxides ? 

[ MHz, MOs. MOs ] 

21. Carbon monoxide was passed over heated cupric oxide when 1:257 grams 
of COs were formed and the weight of cupric oxide was decreased by 04563 
grams, Find the formula of carbon monoxide. [ Ans. CO ] 


22, 6°44 grams of sodium sulphate crystal lose 3*6 grams of water on heating. 
1:61 grams of the crystals precipitate 1165 grams of BaSO, when treated with 
barium chloride solution. Calculate the formula of the crystal. (Ba=137) 

[ Ans, NasSO,, 10H,O ] 
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23. A chemical analysis of a mineral gave the following results : SiOs— 
47:09% ; AlaOg=26°99% ; Na,O— 16:467, K20=001% ; H20=9'80%. 

Deduce a formula for this mineral. [ Ans, NasO, AlsOs, 3Si0,, 2H20 ] 

(Si=28, Al=27, Na=23, K=39) 

24. A monobasic inorganic acid contains 2:749, of hydrogen and 97:26% of 
chlorine. If 0-1825 gram of the acid neutralise 02 gram of caustic soda, what is the 
formula of the acid ? [ Ans. HCI ] 


25. Find the percentage composition of the following compounds : 
(a) Ks[Fe(CN)e] (b KNOsand (c) H202. 
[Ans (a) K=35°6, Fe=17, C-219, N-255 (b) K=38'61, N-13:86 ; 
0-4752 (c) H=5:90, 0—9410] 
26. A chemical analysis of a compound gives the following results : 
Na=12'89% ; Sb 22:895 ; $-23:939,, H3O =40°38%. 
It contains 1009% hygroscopic moisture. Calculate the formula of the 
compound. (Sb=122) [ Ans. NasSbS,, 9H2O ] 


27. A sodium salt of an acid gives on analysis the following results : 
C=29:26%, H=3°66% O=3902% and Na=28:04%. Calculate the simplest 
formula of the acid, [ Ans. CoH,0¢ ] 


28. 1 gram of a compound consisting of calcium, carbon and oxygen, 
contains 0°48 gram of oxygen. On heating, it evolves CO which occupies 224 c.c. 
at N.T.P. and leaves a solid which does not contain carbon. Calculate the 
formula of the compound. [ Ans, CaCOs ] 


29. A compound contains 1°59% hydrogen, 22227 nitrogen and 76:19% 
oxygen. What is the empirical formula of the compound ? 
[ Ans. HNOs] [ H. S., '70 ] 
30. The percentage composition of a salt is given below : 
Na=2738, H=1'19, C-1429, O-5740 
What is the simplest formula of the salt ? [Ans NaHCOs]  [H.S.,'65 ] 
31. A gaseous compound of carbon and nitrogen containing 53:8 per cent by 
weight of nitrogen was found to have a vapour density of 25:8. What is the 
molecular formula of the compound ? [ Ans. CaNa ] [ I. I. T., 71 ] 
32. An organic compound containing C, H and O was subjected to 
combustion, From 1:367 gram of the substance were obtained 3:002 gram of CO, 
and 1°640 gram of H2O. Find out the empirical formula. 
[ Ans. C5H,O ] [ I. I. T., '75] 
33. A compound of carbon, hydrogen and oxygen contains 40% carbon, and 
667%, hydrogen. If the molecular weight of the compound is 180, what is its 
molecular formula ? [ H. S., '67, 70 ] [ Ans, CoH, $0, | 
34 A compound contains 40% carbon, 666% hydrogen and the rest is 
oxygen. What is the em irica) formula of the compound? When vapourized. 
its density is found to be 2:813 times that of oxygen under the same condition of 
temperature and pressure. Determine the molecular formula of the compound, 
[ Ans. CsH,O3) [ H. S., 773 ] 
35. 1 gram of blue vitriol (molecular formula, CuSO4, nH;O i 
heated to a constant weight gives 0:638 gram of the residue. icio) the boag 
of n. [Ans. n-5] [ H. S., 14) 
36. A compound contains 10059; carbon, 0'84 hydrogen and 89°17 
chlorine, The density of the compound in the ped re at 130°C. ai 
760 mm. pressure is 0°00343 gram/c.c. Calculate the molecular formula of the 
compound, [ Ans. CHCl, ] 
37. 0:354 gram of a compound of carbon, hydrogen and nitrogen 
in ‘oxygen gives 0:792 gram of CO; and 0'486 gram of H:O. P 
analysis itis further found that the same weight of the compound gives at N,T.P. 
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672 c.c. of nitrogen. If the vapour density of the compound is 29:5, what is its 
molecular formula ? [ Ans. CsHoN ] 


38. A gaseous hydrocarbon contains 85729, carbon, and 1428% hydrogen, 
At S.T.P. the density of the gas is 000126 gram/c.c. Calculate its molecular 
formula. [ Ans. CoH, ] 


39. The element E forms two gaseous hydrides A and B in which the 
percentages of E are respectively 75 and 81°8. The vapour densities of the 
hydrides are respectively 8 and 22. If the molecule of A contains one atom of E, 
calculate the atomic weight of E and formula of A and B. [ Ans, EH,, E5Hs | 


40. Carbohydrates are compounds containing only carbon, hydrogen and 
oxygen, having the atomic ratio of H : O as2: 1. When heated in the absence 
of air, these compounds decompose to form carbon and water : 


(a) If310 gram of a carbohydrate leave a residue of 124 gram of carbon on 
heating in absence of air, what is the empirical formula of the carbohydrate ? 


(b) If 0°0833 mole of the carbohydrate contains 1*00 gram of hydrogen, what 
is the molecular formula of the carbohydrate ? 
[ Ans, (a) C(H50) (b) C&H:,Os ] [I. I. T., '69 l 


41. Acertain compound containing only carbon and oxygen has an approxi- 
mate molecular weight of 290. On analysis it is found to contain exactly 50 p.c. 
by weight of each element. What is the molecular formula of the compound ? 

[ Ans. C130, ] (I. I. T., 70. ] 


42. 1gram of a compound contains 0 262 gram of nitrogen, 0:075 gram of 
hydrogen and 0663 gram of chlorine, Whatis the simplest formula of the 
compound ? [ Ans. NH,CI ] [ H. S. (Comp), '62. ] 


Calculations using equations 


A chemical equation not only represents the nature of the 
reacting substances and the products but also expresses a definite ` 
weight relationship among the reactants and products of a reaction. 
For example, 

CaCO + 2HCI = -CaCl + H,O 
100 grams 2x 365 grams ill grams 18 grams V aie 
represents the reaction between calcium carbonate and hydrochloric 
acid. The quantities of the five substances concerned in the reaction 
are calculated with the help of atomic-weight chart of the elements, 
The balanced equation states that 100 grams of calcium carbonate 
reacts with 71 grams of hydrogen chloride to produce 111 grams of 
calcium chloride, 18 grams of water and 44 grams of carbon dioxide. 
It is thus possible to determine the quantity of hydrochloric acid 
which will react with say 7 kilograms of calcium carbonate. Using 
chemical equations, we shall solve three types of problems, namely, 
(i) Weight-Weight problems 
(ii) Weight-Volume problems 
(iii) Volume-Volume problems 


In solving these problems the following relationships are 
utilised : : 
(i) Molecular weight, M=Normal density, p x 22-4 litres 
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(ii) The weight of 1 litre of a gas at N.T.P. 
=The vapour density of the gas x 0°09 gram 
(iii) The weight of 1 litre of hydrogen at N.T.P.=0°09 gram 
(iv) The volume of 1 mole of a gas at N.T.P. is 22°4 litres. 
(v) Molecular weight=vapour density x 2 
(i) Weight-weight problems. In these, we are given one weight 
and asked to find another. The following examples will illustrate 
the procedure of calculations. 
1. What weight of carbon dioxide is obtained upon burning 
2 grams of carbon monoxide in oxygen ? 
Solution. 


2CO + Oo, 2CO, 
2(124-16)—56 2x16232 2(12+2 x 16)=88 
56 grams of carbon monoxide upon burning yield 88 grams of 
carbon dioxide. 


88 x2 


2 grams of carbon monoxide upon burning yield eas 


—3:143 grams of carbon dioxide. 
2. How much potassium chlorate will be just required to 


produce 5 grams of oxygen? (K=39) [ H. S. (Comp.), ’71 ] 
Solution. 2KCIO, = 2KCI+30, 
2x 122°5 3x 32 
;. 96 grams of oxygen are obtained from 245 grams of KCIO,. 
«^. 5 grams of oxygen are obtained from S Š 3 
=12°76 grams of KC1O,. 


3. How much potassium chlorate must be heated to yield as 
much oxygen as would be obtainable from 500 grams of mercuric 
oxide? (K=39, Hg=200) 


Solution. 2HgO = 2Hg+0, 
432 32 


432 grams of mercuric oxide produce 32 grams of oxygen. 


500 grams of mercuric oxide produce os 37:0 grams 


of oxygen. 
Now, 2KCIO,= 2KCl 4-30, 
245 96 


96 grams of oxygen are obtained from 245 grams of KCIO, 


.. 37 grams of oxygen are obtained from 5x37 


—94:42 grams of KCIO, 
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4. How much zinc will be required to produce hydrogen which 
is just sufficient to combine completely with oxygen obtained by 
heating 10 grams of potassium chlorate. (Zn 65:3) 


Solution. 2KCIO, | —2KCl430, 
245 96 
245 grams of KCIO, yield 96 grams of oxygen 
*. 10 grams of KCIO, yield ere 292 grams of oxygen 
Dir tao «(iG eli ORO. 
4 32 


32 grams of oxygen combine with 4 grams of hydrogen 


.", 3:92 grams of oxygen combine with A552 0149 grams of 
hydrogen 
Zn * H,SO, =ZnSO, + H, 
653 2 


To prepare 2 grams of hydrogen 65'3 grams of zinc are required 
To prepare 0°49 grams of hydrogen ELLA a 15:998 grams 


of zinc are required. 

5. 5 grams of pure manganese dioxide (MnO,) are heated with 
excess of conc. HCl. The cvolved gas is passed into a solution of 
KI. Calculate the weight of iodine liberated. (Mn=55, I=127) 


Solution. Moe LAB Cla EGO TCI. 
71 
87 grams of MnO, produce 71 grams of chlorine 
5 grams MnO, produce uri =4-08 grams of chlorine 


2KI4-Cl, 22KCI +I, 


71 254 
71 grams of chlorine liberate 254 grams of iodine 
i E e 254 x 4*08 
.. 408 grams of chlorine liberate SATT — 14:596 grams 


the weight of iodine liberated=14°596 grams. 


6. What weight of chalk must be decomposed by HCI to produce 
aquantity of carbon dioxide that is just sufficient to convert 200 
grams of sodium hydroxide to sodium carbonate? (Ca=40) 


Solution. AOR rd =Na,CO,+H,O 
80 grams of sodium hydroxide react with 44 grams of CO, 
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200 grams of sodium hydroxide react wit! =110 grams 


44 x 200 
ii NE 
of COS 

CaCO, --2HCI— CaCl, +H,0+CO0, 
100 44 


44 grams of CO, are obtained by the decomposition of 100 grams 
of CaCO, 
110 grams of CO, are obtained by the decomposition of Moxie 
=250 grams of CaCO, 
the weight of chalk required=250 gram. 
7. 1:84 grams of a mixture of CaCO, and MgCO, are strongly 
heated till no further loss in weight takes place. The residue weighs. 


0:96 gram. Determine the percentage composition of the mixture. 
[ A. U. 738, U. P. Board, '43] 


.Solution. Let us suppose that the weight of CaCO, in the 
mixture is x grams. Then the weight of MgCO, —(1:84— x) grams. 
mmn heated, calcium carbonate decomposes into lime and carbon 

ioxide, i.e., 


CaCO,=Ca0+CO, 
100 56 


100 grams of CaCO, give 56 grams of CaO as residue 
56x x 
100 


Magnesium carbonate when heated decomposes into magnesium 
oxide and carbon dioxide. 


MgCO,=Mg0+Co, 
84° 40 


x grams of CaCO, give grams of CaO as residue. 


84 grams of MgCO, give 40 grams of MgO as residue 
(1:84 — x) grams of MgCO, give suta grams of MgO: 
as residue 
56x _, 40x (1°84-x)_ n. 
100, 50 ENA 
Solving for x, we get x=1 
1°84 grams of the mixture contain 1 gram of Caco, 
100 grams of the mixture contain mux 100—54:35 
percentage of CaCO, — 54:35 
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Now, 1:84 grams of the mixture contain (1*:84— 1)—0'84 grams 


of MgCO, 
-. 100 grams of the mixture contain ore UO —4565] grams 
of MgCO, 


percentage of MgCO, —45:65. 
_ 8. Aquantity of a mixture of potassium iodide and chloride 
is converted into potassium sulphate and the weight of the sulphate 
is found to be the same as that of the original mixture. Injwhat 
proportions were the salts present in the mixture ? 

(K=39'1, C1—354, I—126:9. S=32, O=16) 

Solution. The equations involved are 
2KI--H,SO, -K,SO, --2HI 


332 1742 
whence 332 grams of potassium iodide give 174'2 grams of potassium 
sulphate. 2KCI+H,SO, ete +2HC 
149 174° 


whence 149 grams of potassium chloride give 174'2 grams of 
potassium sulphate. 

Let 100 grams be the weight of the mixture of potassium chloride 
and.iodide and ‘a’ grams be the weight of potassium chloride. 

Then the weight of potassium iodide=(100 ~a) grams and the 
weight of potassium sulphate formed would also be 100 grams 
according to the conditions of the problem. 

332 grams of KI give 1742 grams of K,SO, 
.'. (100— a) grams of KI give p X(100— a) grams of K,SO, 
149 grams of KCI give 174:2 grams of K,SO, 


a grams of KCI give AX À grams of K,SO, 


the weight of the mixed sulphate is 
174:2x(100—2) 1742 xa _ 
E 391.24 544049. 100 


Solving for a, we get a—73:8 

-. 100 grams of the mixture of potassium chloride and "iodide 
contain 73:8 grams. of potassium chloride andj:100— 73:8—26:2 
grams of potassium iodide. 

percentage of KC1=73'8 ; percentage of KI=26-2, 

9. 3 grams of a mixture of sodium chloride and potassium 
iodide were dissolved in water and a solution of silver nitrate was 
added to it until the precipitation was complete. The washed and 
dried precipitate of silver chloride and iodide weighed 5'8 grams, 
What was the percentage of each salt in the mixture ? 


10 
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Solution. Let the weight of NaCl in the mixture be x grams. 
Then the weight of KI=(3— x) grams. Now, the equations involved 
are: NaCI-- AgNO, — AgCI-- NaNO, ; KI+AgNO,=Agi+KNO, 

58:5 143:5 166 235 
58*5 grams of NaCl give 143:5 grams of AgCl 
x grams of NaCl give I grams of AgCl 

166 grams of KI give 235 grams of AgI 

(3— x) grams of KI give ee grams of AgI 


The weight of the mixed precipitate of AgCl and AgI is 
1435x x | 235 x(3—x).. 5. 
REG, chy ARTI 
Solving for x, we get x=1°497 grams 
the weight of NaCl is 1*497 grams 
Hence, the weight of KI— 1:503 grams 
percentage of NaC1—49:9, percentage of KI—50:1 
10. 5 grams of strontium chloride containing 6 molecules of 
water of crystallisation gave 3'442 grams of strontium sulphate. 
Calculate the atomic weight and the equivalent weight of strontium, 
(0216, $232, C1 35:5) 
Solution. Let a be the atomic weight of strontium. Then the 
gram-molecular weight of SrCl, 6H, O is (a+179) grams and that of 


strontium sulphate SrSO, is (a+96) grams. (a--179) grams of 
SrCI,6H,O contain a grams of strontium 


5 ; in 3X5 ium. 
grams of SrCl,, 6H,O contain ap 179 Brams of strontium. 


(a+96) grams of SrSO, contain a grams of strontium 


3:442 grams of SrSO, contain Uie grams of strontium 


ax5 ax3442 =87° 
Hence, atin ato whence a=87°37 


Hence, the atomic Weight of strontium is 87°37 and its equivalent 
j . 87°37 ; 

weight is S097 2491 since valency of strontium is 2. 
ll. 


d How much pyrolusite containing 80% manganese dioxide 
Will be required to liberate from hydrochloric acid a quantity of 
chlorine which is just sufficient to convert 20 grams of sodium 
hydroxide completely into chlorate and chloride ? 


Solution. ay as a 5NaCl+NaClO,+3H,O 
240 grams of sodium hydroxide react with 213 grams of chlorine 
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20 grams of sodium hydroxide react with a kd 
=17°75 grams of chlorine 
Mee tris Ean eh 


71 grams of chlorine are liberated by 87 grams of MnO, 

17°75 grams of chlorine are liberated by e 
==21°74 grams of MnO, 

Now, 80 grams of MnO, are present in 100 grams of pyrolusite 
f x21:75 
21*74 grams of MnO, are present in 100x2175 
=27:187 grams of pyrolusite 
the amount of pyrolusite required is 27:187 grams, 

12. Hydrogen prepared by the action of sulphuric acid on 15 
grams of zinc is passed separately over (i) 5 grams of dry cupric 
oxide and (ii) 25 grams of cupric oxide. What will be the weight 
of the residue and its composition in each case? (Zn=65 ; Cu=63) 

Solution. Zn--H,SO, —ZnSO, +H, 


65 2 
65 grams of zinc liberate 2 grams of hydrogen 
15 grams of zinc liberate 2^5 - 04615 grams of hydrogen 
CuO + H, = Cu + H,O 
79 2 63 
2 grams of hydrogen reduce 79 grams of CuO to form 63 
grams of Cu 
79 x 04615 
2 


0:4615 grams of hydrogen reduce =18'23 grams of 


CuO to form Sx tiers grams of Cu 


0:4615 gram of hydrogen reduce Bx 0°4615 or 18:23 grams of 


CuO to form $x 0°4615 or 14:54 grams of Cu. 


(i) In this case, all cupric oxide is reduced by hydrogen to 
metallic copper. 
Now, 79 grams of CuO are reduced to 63 grams of Cu 


5 grams of CuO are reduced to oro sess grams of Cu 
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(ii) In this case, all hydrogen is used up in reducing cupric 
oxide and there remains excess of cupric oxide. 

Now, 04615 gram of hydrogen reduce 18:23 grams of CuO to 
form 14:54 grams of copper. 

.. Amount of CuO which are not reduced is 25 —1823—6'77 
grams 

Hence, the residue contains 14:54 grams of Cu and 6°77 grams of 
CuO. The weight of the residue is 21*31 grams. 

13. Calculate the weight of calcium nitrate formed in the reac- 
tion of 100 grams of nitric acid and 60 grams of cale d. 


H. $.,'67 ] 

CaO + 2HNO, = Ca(NO), + H,O 
56 2x63 164 

56 grams of CaO react with 126 grams of HNO, 


60 grams of CaO react with E 60135 grams of nitric acid 


But only 100 grams of HNO, are given. Hence, 100 grams of 
nitric acid will be completely consumed in the reaction. Now, 


126 grams of HNO, form 164 grams of Ca(NO;), 


100 grams of. HNO, form 164x100 
=130'16 grams of Ca(NO,). 
Hence, the weight of Ca(NO,), formed in the reaction is 130-16 
grams 
14. Equal weights of mercury and iodine are allowed to react 
completely to form a mixture of mercurous and mercuric iodides. 
Calculate the ratio of the weights of mercurous and mercuric iodides 
formed. [IL L T., *66] 
Let the weight of Hg,I, formed be x gram and the weight of 
Hgl, formed be y grams. 


g ny I, =Hg,I, 
2x 201 2x127 2x(201 4-127) 
201 127 328 


-. 328 grams of Hg,I, are formed from 201 grams of Hg and 
127 grams of I, 


x grams of Hg,I, are formed from ax a 


= d 
328 gram of Hg an 


127xx 
328 


gram of I, 


Hg Lobo Mao 7 HL 
201 254 455 

-. 455 grams of Hel, are formed from 201 grams of Hg and 254 

grams of I, 
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y grams of HgI, are formed from a grams of Hg and 


254xy 
E grams of I, 


Total weight of Hg= 201 x x ,201 xy 


328 ' 455 
Total weight ofi, e Dr 4 2X? 


According to the condition of the problem, 
201x , 201y .127x | 254y 
328 '455 328 455 
201x 127x, 254y 20ly 
328 328 455 455 
A 0,158 
328 "ass 
x_53x 328 . 1 
y 74x455 1936 

Hence, the ratio of mercurous to mercuric iodide— 1:936 : 1. 

15. 25:4 grams of iodine and 142 grams of chlorine are made to 
react completely to yield a mixture of ICI and ICI,. Calculate the 
ratio of the moles of ICI and ICI, formed. [I I. T., 70] 
(12127, Cl=35°5) 


Number of moles of Le 


142-2 
Number of moles of C= = 
Let us suppose that x moles of ICI and y moles of ICl, are 


formed 


I, + Cl, =" 21ICl 

x E 

5 mole 5 mole RA mole 
I, ag 3Cl, = 2ICh 

Z mole z mole y mole 


iodine E47 — 1 
Number of moles of iodine= at 10 


inet ye 
Number of moles of chlorine-5 + 5-10 
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xy (i) 
XR» Gi) 
w=% [ Subtracting (i) from ái ] 
1 
y" 10 
pw ES 
10 10 10 


Ratio of the moles of ICI and ICI, formed is 1 : 1. 


16. When a mixture of FeO and Fe,O, was heated in air to a 
constant weight, its increase in weight was 5%. What was the per- 
centage composition of the mixture before heating? — [ I. I. T., '78 ] 

(Fess55:8, O=16) 


MEM suppose that 100 grams of the mixture contains x gram 
o . 
'.. Amount of Fe,O, «(100 —x) gram. 
4FeO = + 


e = 2Fe,0, 
A x (5558316) 2 (558 X2+3 x 16) 
4x 718 grams of FeO form 2 x 159°6 grams of Fe,O, 


^, x gram of FeO form 2197 63. P 0* grams of Fe,O, 
Again, 4Fe,O, +0 = 6Fe,0 

4x34 6% 159°6 
4x 231'4 gram of Fe,O, form 6 x 159*6 gram of Fe,O, 


^. (100— x) gram of Fe,O, form Sx 16x (100-2) 
= 17850100 — *) gram of Fe,O, 


According to the condition of the problem, 
se + 08200 3) m 195 


Solving we get, x=20 

TW the mixture contains 20% of FeO and 80% of Fe,O,. 

17. A sample of zinc contains some impurities which do not 
react. with rochloric acid. 25 grams of the sample of zinc react 
completely with 40 c.c. of hydrochloric acid. The specific gravity 
of the is 1:25 and it contains 50% by weight of HCI. Calculate 
the percentage of pure zinc and impurities in the sample. Zn=65. 

Specific gravity of the acid is 1°25 
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^. The weight of 1 c.c ofhydrochloric acid 1:25 grams 
s. The weight of 40 c.c, of hydrochloric acid=1'25 x 40—50 


grams, 
DE eso ee arene solution of the acid contain 50 grams 


s. 50 grams of the aqueous solution of the acid contain 
25 grams of HCl. 
Zn 2HCl = ZnCl, +H, 


65 2x 36'S 
73 grams of HCI react with 65 grams of Zn 


25 grams of HCI react with Sn = 2226 grams of Zn 


But 25 p of the sample of Zn react with 40 c.c. of hydro- 
chloric aci 
*. 25 grams of the sample of Zn contain 25— 2226:2:74 grams 


of impurities 
100 grams of the sample of Zn contain uu x 100 
== 10:96 grams of impurities: 
*. 9 Zne 89:04 and % impurities = 10-96. 


18. (a) Calculate the change in weight when 1 gram of calcium 
Mrs, (CaCO,) is Pub d à PIA 


(b) What will be the change in weight when 1 gram of 
magnesium is heated in air? Cas40, C=12, Om 16, Mg=24 i 


(a) sí" Mg - um + CO, 
100 grams of CaCO, form 56 of CaO 
54 of CaCO form 0-56 grams of CaO 
7." Decreto in weight= 1 -036044 gram 
2M (8 2M 
M ix d sre "iuo 
48 grams of magnesium give 80 grams of MgO 
1 gram of magnesium give $= 1667 gram of MgO 
., Increase in weight == 1*667 — 1 =0°667 gram. 


Problems 


1. Find the weight of calcium oxide and carbon dioxide formed when 500 
grams of calcium carbonate are strongly heated. | Ans. 230 grams ; 220 grams ] 
2. How much mercuric oxide would you take to peers arene Ot 
oxygen? (Hg =201) TAm. 27:12 grams | 
How mach potassium chlorate must be heated to yield as much oxygen 
uude ma oon 100 pus of moris oxide? (ge Ul) or 
| Ans. 187986 grams ] 
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i ic aci ised by 32:0 
4. 250 c.c. of a solution of sulphuric acid was exaclty neutralise " 
grams of eubvdrous sodium carbonate. Express the composition of the acid 


solution in terms of grams of sulphuric acid per litre. I 118°32 grams]. Hired 
5. What weight in grams of sodium hydroxide is required to oe 1 
grams of copper sulphate into copper hydroxide ? [ Ans. g 


i i horus 
6. Air contains 23 per cent by weight of oxygen. How much phosp 
must be burnt to remove oan Rape d grams of air. 
ight of the residual gas 
What would be the weigh: e resi a ] ga 2155599009 (60-5 arainid 


7. Calculate the weight of calcium nitrate formed by dissolving 120 grams 


of calcium oxide in 100 grams of nitric acid. [ Ans. 13016 grams ] 
[ Hints: CaO--2HNOs—- Ca(NO:), + H,O 
56 126 164 
$ : ; ‘0 
It is found that 120 grams of calcium oxide require 126% 120270 grams of 


nitric acid. But there are only 100 grams of nitric acid. So calculate the 
amount of calcium nitrate formed from 100 grams of nitric acid and not from 
120 grams of CaO, ] 


8. Hydrogen is prepared by the action of Znon HeSO4. What weight of 
zinc would be required to produce sufficient hydrogen to completely react with 
Oxygen obtained by heating 40 grams of KCIOs ? [Ans. 63:994 grams ] 


9. On dissolution of 0'8 gram of zinc dust (zinc powder containing small 
quantity of zinc oxide ) in dilute sulphuric acid, 0024 gram of hydrogen was 
liberated. Calculate the percentage of zinc in zinc dust. [Ans. 979595] 


10. How much pyrolusite containing 82 per cent manganese dioxide will be 
required to furnish chlorine from HCl which will liberate 127 grams of iodine 
from potassium iodide solution ? [Ans. 53:07 grams ] 


12, 2grams ofa mixture of sodium chloride and potassium chloride are 
converted into sulphates by evaporation with sulphuric acid, the mixture of 
the sulphates weighing 2'4 grams, Calculate the composition of the mixture. 

[Ans. NaCl-1:391 grams KCl—1:009 grams ] 

13. How much pyrolusite containing 8295 of MnOs and how much hydro- 
chloric acid containing 3395 of hydrogen chloride will be required to furnish 
the chlorine necessary to convert 40 grams of potassium hydroxide completely 
into chlorate and chloride ? [ Ans. 38 grams 158 grams | 


14. A sample of coal contained 2 per cent of nitrogen. The ammonia evolved 
on heating 200 kilograms of this coal was absorbed in sulphuric acid, the weight 
of ammonium sulphate formed was 2:5 kgs. What percentage of the nitrogen 
was evolved from the coal as ammonia ? [Ans. 66395] 


15. How much of zinc will be required to liberate hydrogen from sulphuric 
acid in order to reduce completely 5 grams of cupric oxide ? 


[ Ans. 26133 grams ] 

17. 50 ml ofa sample of hydrochloric acid having density 1°4 was treated 
grams of marble. After the reaction was complete, the unreacted 

marble was filtered off, washed, dried and was found to weigh 5 grams. 
Calculate the percentage strength of the acid. [ Ans. 5°214% ] 
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18. 20 ml ofa sample of hydrobromic acid having density 1°05 gave 3'8 
grams of silver bromide on treatment with silver nitrate solution. Calculate 
the amount of HBr in 100 ml and in 100 grams of the solution. 

(H=1, Br=80, Ag=108) [ Ans. 8189 grams, 7:199 grams T 

19. What weight of chalk must be decomposed with HCI to produce a 
quantity of carbon dioxide which is just sufficient to convert 40 grams of sodium 
hydroxide into sodium carbonate ? [ Ans. 50 grams 1 

20. Asample of chalk iscontaminated with clay which loses 1095 of its 
weight on heating due to the elimination of moisture. When 2 grams of this 
sample of chalk are heated, it loses 0'5 gram in weight. What is the percentage 
0f chalk in the sample ? p Ans. 44.190] 

[Hints: Letxgrams be the weight of chalk present in 2 grams of the 
sample. ‘The amount of clay is (2—x) gram. 


CaCOs = CaO + COs 
100 44 


-. x gram of chalk lose “ne grams on heating 
100 grams of clay lose 10 grams on heating. -. (2—x) grams of clay lose 


i o -5 grams on heating. 


44xx | 10x(2-x).. o 
00" argo 271 =0'5. Hence, etc. | 


21. What will be the change in weight when 1 gram of potassium chlorate 
is heated. Also calculate the change in weight when 1 gram of calcium 
carbonate is heated. [ Ans. 0:3918 gram and 0°44 gram ] [Ħ. S, 71] 


22. A sample of coal contains 85% carbon, 5% hydrogen, and 10% oxygen. 

1 gram of the sample is burnt indry and carbon dioxide-free air and the 
products are first p through a U-tube containing anhydrous CaCls and 
then through U-tube containing soda-lime. Determine the change in weight 
of the U-tubes, [ Ans. Increase in weight of soda-lime tube=4°675 gram, 
Increase in weight of CaCl,-tube=0°675 gram ] [ P. U., '63 ] 


23. Calculate the weight of potassium chlorate required to liberate the 
same amount fife as is obtained when 100 grams of mercuric oxide is 
heated. Hg=200, K=39, Cl=35°5,O=16.  [Ans. 189 gram] [H.8.'67] 

24. Calculate the weight of zinc which is required to liberate hydrogen 
which is just sufficient to react with the amount of oxygen obtained by heating 
24'5 gram of potassium chlorate. Hydrogenis prepared by the action of zine 
on excess of dil. HSO.. Zn=63°5, K=39, Cl=35'5, O- 16, H=1 

[Ans. 39°18 gram ] [ P. U., 61] 

25. A2'00gram sample containing Na,CO» and NaHCOns loses 0248 gram 
when heated to 300°C, the temperature at which NaHCOs decomposes to 
Na.COs. CO, and water. What is the percentage of Na«COs in the mixture ? 

Na=23, C -12, O=16 

[ Ans. NaHCO s=33'6% and Na4COs- 66496 J [ I. I. T., 77] 

26. Calculate the weight of lime (CaO) that can be dv by heating 
200 kg. of lime-stone (CaCO s) which is 95% pure. [ I. I. T., '75] 

Ca=40, C=12,0=16 [Ans, 106'4 grams] 

27. 10 grams of a mixture of copper and cupric oxide when reduced by 
hydrogen give 8°384 grams of copper. Calculate the percentage of copper in 
the mixture. Cu=63'5, O=16, H=1. [ Ans. 20%] 

28. One litre of an acidified solution of KMnO: containing 15'8 grams of 
KMnO,is decolourised by passing sufficient amount of SOc. Ifthe SOs is 
produced by roasting of iron pyrites (FeS2) what will be the amount of pyrites 
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maned to produce the necessary amount of SOs? Fe=56, S=32, O=16, 
K=39, Mn=55 [ Ans. 15 grams] [ I. I. T., 74] 


{ Hints: 4FeSa +110 =2Fer03+8S02 
2KMnO. +5SO,+2H20=K2SO,+2MnSO,+2H2SO, ] 


29. 10 grams of metallic zinc was added to 200 c.c. of copper sulphate 
solution. Afterallthe copper was precipitated it was found that not all the 
zinc has dissolved. After filtration, the total weight of the solid at the end of 
the reaction was 9'81 gram. Calculate the weight of copper deposited. 

Cu=63'5, Zn- 654. [Ans. 635 gram | [ I. I. T., 71T 

30. The oxides of sodium and potassium contained in a 0'5 gram sample 
of feldspar were converted to the respective chlorides. The weight of th 
chlorides thus obtained was 0'1180 gram. Subseqent treatment of the chlorides 
with silver nitrate gave 02451 gram of silver chloride. What is the percentage 
of NacO and K4O in the sample ? Ag=108, Cl - 35:5, Na=23, K=39 

Ans. Na,0=3°577%, K;O=10'62% | [ I. I. T., '68 ] 


31. When heated 10 gram of a mixture of potassium chlorate and potassium 
chloride give 8 grams ofthe residue. Calculate the percentage of potassium 
chlorate and potassium chloride. K=39, Cl=35°5, O=16. 

[Ans. KClOs=51°04% KCIO, «48:967, | 


32. 6gramsofa mixture of potassium chlorate and potassium chloride, 
on being heated, give 1'9 gram of oxygen. Calculate the percentage of pota- 


ssium chlorate in the mixture. K 239, Cl=35°5, O=16, [Ans. 80895] 
33. Crude calcium carbide is made in an electric furnace by the following 
reaction : CaO+3 C = CaC,- CO 


The product contains 85% CaC; and 15% unreacted CaO. (a) How much 
of CaO is to be added to the furnace charge for each 1,000 kilograms of CaCa 
(pure) produced ? (b) How much CaO isto be added to the furnace charge 
for each 1,000 kilograms of crude product? Ca=40, C212, O16 

[Ans. (a) 105147 kg. of CaO ; (b) 89375 kg. of CaO] (I. I. T., '671 


34, 10 grams of a mixture of CaCO, and CaO, on being heated, give 3'3 
grams of carbon dioxide. Calculate the percentage of CaCOs in the mixture. 
Ca 40, O=16, [Ans. 7595] 

35. A sample of aluminium contains some alumina (Al;Os) as impurities. 
When 2 grams of this sample react with hydrochloric acid, 0'2 gram of 
hydrogen are produced. Calculate the percentage of aluminium and alumina 
in the sample. (Al=27, CI 2355, H=1) [ Ans. Al=90% AlsOs- 1095 | 


36. Calculate the amount of sulphuric acid required to neutralise ammonia 
obtained by heating 10°7 gram of ammonium chloride with slaked lime (CaO). 
N=14, Cl2355, H=1 [Ans. 9'8 gram] 


37. A sample of marble contains some silica as impurities. When 11 grams 
of this sample react with 10 grams of sulphuric acid, 0'2 gram of the acid 
remains unreacted. Calculate the percentage of CaCOs present in the 
sample of marble. Ca=40,C=12,0=16 [Ans. 90°91% ] 

38. When excess of silver nitrate solution is added to a solution containing 
6 grams of common salt 14°35 grams of AgCI are precipitated. Calculate the 
percentage of NaCl in the common salt. Ag=108, Cl=35'5, Na=23 

[Ans. 975% 1 

39. Calculate the ratio of the weights of potassium chlorate and hydrogen 
peroxide which will liberate the same weight of oxygen. 

K=39, Cl=35'5, H-1, 0-16 [Ans. 12:11] 

40. 1 gram ofa mixture of calcium and magnessium require 2'19 grams of 
HCl for its complete dissolution. Calculate the amount of the two metals in 
the mixture. (Ca=40, Mg=24, Cl=35'5) [ Ans. 0'7 grams and 0°3 grams | 

41, When 50 grams of a mixture of anhydrous sodium carbonate and 
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sodium bicarbonate is heated 46'9 gram ofa residue is obtained. Calculate. 
the percentage of sodium carbonate in the mixture. 
Na=23, H=1, C=12,O=16 [Ans. 8325] 


42. 1°96 grams of H«SO, is required for dissolving 1°56 gram of a mixture 
of CaCOs and CaO. What is the percentage of CaCOs in the mixture ? 
Ca=40, C=12, S=32, H-1,0—16. [Ans. 64195] 


(ii Weight-volume problems. So far, only the weights of the 
substances which take part in the chemical reactions have been 
calculated, But itis often necessary to calculate the volume ofa 
gas which will react or be produced in a chemical reaction when a 
given weight of a substance is used. The volume of the gas can be 
deduced from its weight since one gram-molecular weight of any gas 
at N. T. P. occupies 22°4 litres. 

Inthistype of calculations, correct equations are to be written 
and the following relations are utilized : 

(i) The reactions expressed by the equations are supposed to 
take place at N. T. P. (0°C and 760 mm. pressure). 

(ii) The gas equation : Fava Pov, where P,, V,, T, and 

1 2 
P,, Vo, T; are the pressure, volume and temperature of a gas under 
two sets of conditions. 

(iii) One gram-molecule of any gas occupies 22:4 litres at 

yp lea oh 
(iv) The weight of 1 litre of hydrogen at N. T. P. is 0°09 gram. 
(v) The relative density of air (H=1) is 14*4. 
(vi) The weight of 1 litre of air at N.T.P. is 1:295 gram, 
(vii) Molecular weight=2 x vapour density. y 
(viii) The weight of 1 litre of a gasat N, T. P.—its vapour 
density x 0°09 gram. 

(ix) Mass- Volume x Density. , 

(x) Atomic weight— Equivalent weight x valency. 

(xi) Number of moles of a gas 

_ Volume of the gas at N.T.P. (in litre) 
re 22°4 litre 4 

Ex. 1. What volume of oxygen is obtained at N. T. P. by 

heating | gram of potassium chlorate ? 
2KCIO, = 2KCI + 30, 
245 3x 224 litres at N.T.P. 

245 grams of KCIO, yield 3x 22:4 litres of oxygen at N.T.P. 


1 gram of KCIO, yield 2%224 


245 
at N.T.P. 
Volume of oxygen at N. T. P. is 274:2 c.c. 


or, 0:2742 litre of oxygen 
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Ex. 2. A balloon of 1,000 litres capacity is to be filled with 
hydrogen at 27°C and 750 mm. Calculate the minimum quantity 
of iron required to liberate the necessary amount of hydrogen. 

BG. US ZI 

Solution. Hydrogen can be prepared by the action of red-hot 
iron on steam or by the action of iron on cold dilute sulphuric acid. 


3Fe + 4H,O = Fe,0, + 4H, pt ew (i) 
3x 55:8 grams 4x22:4 litres at N. T. P. "n 
Fe + H,SO, = FeSO, +H, mM .. (ii) 
55:8 grams 22:4 litres at N. T. P. 


From (i), we see that 55°8 grams of iron liberate a litres of 


hydrogen at N. T. P. while equation (ii) reveals that 55:8 grams of 
ironliberate 22:4 litres of hydrogen at N. T. P. Hence, smaller 
amount of iron will be required in the steam-iron process. 
Let 1,000 litres of hydrogen at 27°C and 750 mm. occupy V litres 
1000 x 750. V. x 760 JOE CER 
at N. T. P., then QW) On- or, V—897:988 litres. 
At N.T.P. 4x 224 litres of hydrogen are obtained from 3x 55:8 
grams of iron 
*. 897-988 litres of hydrogen are obtained from 
3x 55:8 x 897-988 x i 
UR Soy arenes 1677^7 grams of iron. 
the minimum quantity of iron required is 1677°7 grams. 
Ex. 3. Assuming that the oxygen content of air is 20 per cent 
by volume, calculate what volume of air at 27°C and 750 mm. 
pressure is required to burn completely 50 grams of a paraffin candle 
containing 80 per cent carbon and 20 per cent hydrogen. 
Solution : 100 grams of candle contain 80 grams of carbon and 
20 grams of hydrogen. 
80x 50 


50 grams of candle contain -100- or, 40 grams of carbon 


and an or 10 grams of hydrogen. 
(i) C + O, =) C0; 

12 grams 22:4 litres at N.T.P. 

12 grams of carbon burn in 2244 litres of oxygen (at N.T.P.) 


40 grams of carbon burn in Sreet or 74:666 litres of 


oxygen (at N.T.P.) 
(ii) 2H, + 0, = 2H,O 
4 gms 22.4 litres at N. T. P. 
4 grams of hydrogen burn in 224 litres of oxygen (at N.T.P.) 
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-. 10 grams of hydrogen burn in =56 litres of oxygen 


at N. T. P. 
Hence, 50 grams of candle burn in (74:666 4-56) or 130:666 litres. 
of oxygen (at N.T.P.) 
the volume of airgt np cL MO or 653:33 litres. 


Let 653:33litres of air at N.T.P. occupy V litres at 27°C and 
750 mm. pressure, Vx750  653:333x760 


Then, E273 273 
or, V—727:33 litres. 

Ex. 4. Hydrogen sulphide prepared by the action of dilute 
sulphuric acid ona sample offerrous sulphide contained 10% of 
hydrogen by volume. Calculate the percentage of free iron in the 
sample of ferrous sulphide. (Fe=56, S=32). 


22°4x 10 
4 


Solution : Let the percentage of free iron in the sample be x ; 
then 100 grams of the sample contain (100 — x) grams of FeS. 


(i) FeS + H,SO, = FeSO, + H,S 


88 grams 22°4 litres at N.T.P. 
(100— x) gram of FeS produce er OND litres of H,S (at 
N. T. P.) 
(ii) Fe + H,SO, = FeSO, + Hj 
56 grams 22:4 litres at N.T.P. 


22'4xx 
56 
The ratio of the volumes of H,S and H, in the mixture is 90 : 10, 
224x(100—2) . 224XX 99. 19 or x=6+6 
88 36 


x grams of iron produce 


litres of hydrogen at N.T.P. 


Hence, the percentage of iron is 6°6. 

Ex. 5. Hydrogen obtained by the action of sulphuric acid on 
10 grams of zinc is passed over 50 grams of pure, dry cupric oxide, 
Calculate the weight of the residue and the volume of the gascous 
product at 100°C and 76 cm. pressure (Zn—65 ; Cu=63). [C.U., 719] 

Solution: Zn + H,SO, = ZnSO, tH. . 

65 22:4 litres at N.T.P. 
65 grams of zinc liberate 2274 litres of H, at N.T.P. 


~. 10 grams of zinc liberate A 10 or 3:446 litres of H, at 


N. T. P. 
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Again, 65 grams of zinc liberate 2 grams of hydrogen 


£ 2910 or 0:3077 gram of hydrogen 


10 grams of zinc liberate 


CuO + H, = Cu + H,O (steam) 
22:4 litres at N.T.P. 22:4 litres at N.T.P. 
22-4 litres of H, form 22:4 litres of steam at N.T.P. 
3:446 litres of H, form 3:446 litres of steam at N.T.P. 
Let this volume of steam at 100°C and 76 cm. Hg be V litres. 
Then, TOT 8 o c. Ve4T158 litres. 
Now, 4 grams of hydrogen combine with 32 grams of oxygen 


0*3077 grams of hydsogen combine with Bx os 2°4616 


grams of oxygen. 

Hence, 2°4616 grams of oxygen are derived from 50 grams 
of CuO. 

The weight of the residue is, therefore, (50— 2:4616)—47:5384 
grams. 

Ex. 6. Calculate the amount of KCIO, which on complete 
decomposition will yield just sufficient oxygen required to burn 
1113:6 litres of lighting gas containing 50 per cent of hydrogen, 35 
per cent of methane, 8 per cent ofcarbon monoxide, 2 per cent of 
ethylene and 5 per cent of non-combustible admixtures at 27°C and 
750 mm. pressure. 

Solution : Let 1113°6 litres of lighting gas occupy V litres at 
Sul Vx760. 111366 x 750 
Rea esr ti EORR 


109 litres of the gas contain 50 litres of hydrogen 


or V—1,000 litres. 


1000 liters of the gas contain Beto or 500 litres of 
hydrogen. 
Volume of H, in the gas mixture=500 litres. 
Similarly, volume of CH, =350 litres. 
Volume of CO =80 litres. 
Volume of C,H, =20 litres. 
(i) 2H, + o Hy) 993 45) 


i 
2x 22:4 litres at N.T.P. 22°4 litres at N.T.P. 
2% 22-4 litres of H, burn in 224 litres of O, 
7. 500 litres of H, burn in 250 litres of O, 
(ii) CH, + 20, = CO, + 2H,0 
22:4 litres at N.T.P. 2x224 litres at N.T.P. i 


= 
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22:4 litres of CH, burn in 2x 2244 litres of O, at N.T.P. 
350 litres of CH, burn in 2x 350 or 700 litres O, at N.T.P. 
(iii) 2CO = „Os 5 2C0, 
2x 2244 litres at N.T.P. 22:4 litres at N.T.P. 
2x22^4 litres of CO burn in 224 litres of O, at N.T.P. 
80 litres of CO burn in 40 litres of O, at N.T.P. 
(iv) C.H, + 30. Lr 2CO, + 2H,O 
22°4 litres at N.T.P. 3x 22:4 litres at N.T.P. 
22:4 litres of C,H, burn in 3x 22-4 litres of O, at N.T.P. 
20 litres of C,H, burn in 60 litres of O, at N.T.P. 
.. Total volume of oxygen required=(250+700+40+60) 
or 1050 litres. 
This volume of oxygen must be obtained by the decomposition 
of KCIO,. 
2KCIO, =. 2KCli- +) 30, 
245 grams 3x 22:4 litres at N.T.P. 


3x 224 litres of O, are obtained from 245 grams of KCIO, 
. " 245x 1050 " 
1050 liters of O, are obtained from Fxg oF 3827:95 
grams of KCIO,. 


Ex. 7. 1 gram of a mixture of the carbonates of calcium 
and magnesium gave 240 c.c. of carbon dioxide at N.T.P. Calculate 
the composition of the mixture. (Ca=40, Mg-24) [B. Sc. Manc.] 


Solution : 22:4 litres of CO, weigh 44 grams at N,T.P. 


0:24 litres of CO, weigh a ea grams at N.T.P. 
Let the weight of calcium carbonate in the mixture be x gram 
then the weight of magnesium carbonate is (1 —x) gram 
CaCO, — CaO 4 CO, 
100 44 
100 grams of CaCO, produce 44 grams of CO, 


x grams of CaCO, produce E grams of CO, 


MgCO, = MgO + CO, 
84 44 
84 grams of MgCO, produce 44 grams of CO * 


(1—x) grams of MgCO, produce Sx grams of CO, 


ie 


oh 


- Bx. 10. When 2:45 grams of potassium chlorate were strongly 
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44xx ,AM(1—x). 44x24 ai 
FIUr m v4 or x—'6242 f 
Percentage of CaCO, = 62°42 
Percentage of MgCO, = 37°58. 

Ex. 9. On dissolution of 0-8 gram of zinc dust (zinc powder | 
containing a small quantity ofzinc oxide admixture) in dilute sul- 
phuric acid, 252-8 mi. of moist hydrogen were liberated as measured 
at 767 mm pressure and 27 C. Calculate the percentage of zinc in 
zinc dust. (Aqueous tension at 27°C=27 mm). ] 

Solution: Letthe volume of hydrogen at N.T.P. be V c.c. ; : 


760 x V__252°8 x (767 — 27) 


Then, = 


! 213 (274-273) 
V=224 c.c. | 
Zn ou cHSO, = ZnSO E. Hs 1 
65 grams 22:4 litres at N.T.P. f 


224 c.c. of hydrogen is obtained from Loea 65 grams | 


of zinc. 
0*8 gram of zinc dust contain 0°65 gram of zinc. 


Percentage of zine 065100 =81°25. 


Ex. 9. 224c.c. of sulphur dioxide at N.T.P. just decolorises 
200 c.c. of a solution of potassium permanganate in dilute sulphuric. 
acid. Calculate the strength of potassium permanganate solution 


in grams per litre, (Mn—55). 
Solution : Gram-molecular weight of SO, —64 grams. 
*. 22:4 litres of SO, is the volume occupied by 64 grams of SO, 


at N.T.P. 
+, 0224 litres of SO, is the volume occupied by Eeri 


gram of SO, at N.T.P. 
2KMnO, + 550, + 2H,O = K,SO, + 2MnSO, + 2H,50, 
316 grams 320 grams 

320 grams of SO, decolorise 316 grams of KMnO, 


3H X DO mo 632 gram of 


or 0'64 
] 
] 


0°64 grams of SO, decolorise 


KMnO,. 
Amount of KMnO, in grams/litre—3:16 grams. 


heated, 672 c.c. of oxygen were envolved at N.T.P. and the residue 
left was 1-49 grams. Calculate the density of oxygen and its mole- 


cular weight. | 


t 
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Solution: Weight of oxygen 2:45 — 1*49—0'96 grams. 
Now, 672 c.c. of oxygen at N.T.P. weigh 0°96 gram. 


1,000 c.c. of oxygen at N.T.P, weigh N e uD or 1:43 


gram. 


22-4 litres of oxygen at N,T.P. weigh 1:43 x 22:4 or 32 grams. 


.. Density of oxygen is 1:43 gram/litre and molecular weight 
3. H 


Ex. 11. Ca(OH), +2NH,Cl=CaCl, +2NH, +2H,0 


From the above equation, 
required to prepare 2-024 litre 
0°C. What will be the amount 


calculate the amount of NH,Cl 
s of NH, at 750 mm. pressure and - 
of CaCl, produced? Ca—40. 


[H.S.,*81] - 


Let the volume of NH, produced at N.T.P. be V litres. 
Then, Vx760. 2:024 x 750 


Ca(OH), + 2NH,CI — C. 
2x535 1 


At N.T.P. 
of NH,C 


273 273 
11 


l. 


"no V=1°9973 litres. 


aCl, + 2NH 


2x 22-4 litres (at N.T.P.) 


At N.T.P. 1:9973 litres of NH, are obtained from 


2x 53°5 x 1:9973 
2x22:4 


» Or 4°77 gram of NH,CI. 


Again, 2x 53:5 gram of NH,CI give 111 gram of CaCl, 


-'. 4°77 gram of NH,CI give 


gram. 


Ex. 12. Cilculate (i) the weight of MnO, and (ii) the volume 


111 4:77 
2x53:5 
Weight of NH,Cl=4'77 gram and weight of CaCl, —4-948 


or 4:948 gram of CaCI,. 


of hydrochloric acid of specific gravity 1°12 and containing 40 per 
cent HCl by weight, needed to produce 1°78 litres chlorine gas at 
N.T.P. according to the reaction : 


MnO, --4HCI —MnCI, +2H,0+Cl, 
(Mn=54-9, H=1, Cl=35°5, O—16) [I I.T,777]. 
MnO, reacts with hydrochloric acid according to the equation: . 
MnO, + 4HCl = MnCl, + 2H,O + Cl, 


MnO,. 
11 


(549432) 4x 36+5 


224 litres 


At N. T. P. 224 litres Cl, = 4x 36°5 gram of HCI 


At N. T. P. 1°78 litres Cl, 


Il 


86:9 gram of MnO 


11°61 gram HCl = 6:905 gram 


2x 22:4 litres of NH, are obtained from 2x 53*5 gram | 


n 


y 
A um Vt 
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The weight of HCl needed — 11:61 gram 

The weight of MnO, needed —6:905 gram 
Now, 40 gram of HCI is present in 100 gram of the solution. 
100x 11*61 
—Àd 


11*61 gram of HCI is present in or 29 gram of 


the solution. 
The required volume of HCl solution 25,259 C.C. 

Ex. 18. 5 grams of copper and 5 grams of sulphur are separately 
heated with excess of conc. H,SO,. Calculate the ratio of the 
volumes of SO, obtained in the two cases. (Cu—63, S=32) 
; M3 Cu + 2H,SO, = CuSO, + 2H,0 + SO, — 
“ha 63 22:4 litres (at N.T.P.) 
$+ 2H,80, = 2H,0 + 380, 

32 3 x 22°4 litres ( at N.T.P. ) 
At N.T.P., 63 grams of copper liberate 22'4 litres of SO, 


^. At N.T.P., 5 grams of copper liberate LE litres of SO,. 


`; Again, 32 grams of sulphur liberate 3 x 22:4 litres of SO, 
; (at N.T.P.) 


litres of SO, 


(at N.T.P.) 
Volume of SO, liberated by Cu — 2244x 5x 32 32 
.7' Wolume of SO, liberated by S 763x3x224x5- 189 
Hence, the ratio of the volumes of SO, obtained in the two 
-case is 32: 189. 
^ Bx. 14. *What amount of zinc are dissolved in excess of dil 
„sulphuric acid to liberate 0°57 litre of hydrogen at 27°C and 750 mm 
» pressure ? What amount of zinc sulphate will be formed ? 


5 grams of sulphur liberate X 


(Zn=65, H=1) A LH: S., *61] 
“Let the volume of hydrogen be V litres at N.T.P. 
s 760xV 057x750 i 0:57 x 150 x 273 
Then, V= AAA 


273 — (27-4273) 

V 205511 litre. 

"^ Zn + H,SO, = ZnSO, + H, 
e 65 161 22°4 litres at N.T.P. 

Y Ar N.T.P., 22°4 litres of hydrogen are obtained from 65 grams 

of Zn 


760 x 300 


65x 0°511 


3 ^. 0-511 litres of hydrogen are obtained from 27-4 


or 1:482 


grams of Zn. 


. 
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Required weight of Zn— 1:482 gram 
Again, 65 grams of Zn produce 161 grams of ZnSO, 
1:482 grams of Zn produce 16rx vasa 


ZnSO,. 


or 3671 gram of 


Weight of ZnSO, formed—3'671 grams. 

Ex. 15. Air contains 23% by weight of oxygen. Calculate 
the volume of air at 750 mm pressure and 27'C required to burn 
completely 30 grams of wax containing 80% carbon and 20% 
hydrogen. Ó 

Vapour density of air (H=1)=14-4 and the weight of 1 litre of 
hydrogen at N.T.P.—0*09 gram. 


22x30 or 24 grams of carbon and 


Ho 

ae 

Pi > 

- 
éd.» 


30 grams of wax contain 


20x30 
- Too 9r 6 grams of hydrogen. 


Gi) C 4.0, 2. CO 
12,90 E35 j 
12 grams of carbon are burnt in 32 grams of O, 
24 grams of carbon are burnt in 2x24 or 64 grams of 
oxygen. 
(ii) 2H; + O, = 2H,O0 
4 32 pu 
4 grams of hydrogen are burnt in 32 grams of O, - 2 
6 grams of hydrogen are burnt in 326 ag grams of O,. e * 


Hence, in order to burn 30 grams of wax (64--48) or 112 grams ~~ 

of oxygen are required. pat 
Now, 23 grams of oxygen are present in 100 grams of air. 

100 x 112 
23 


112 grams of oxygen are present in or 487 grams 
of air. 
At N.T.P. the weight of 1 litre of hydrogen —0*09 gram 


At N.T.P. the weight of 1 litre of air=14'4 x'09= 1'296 
gram. 


At N.T.P. the volume of 1:296 gram of air=1 litre 


At N.T.P. the volumegof 487 grams of air= i ge Or 375°77 


litres. 


164 


A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


Let the volume of the air at 27°C and 750 mm pressure be V. 


litre, 


Va x750 37577x7160 
(73+27)- 273 
375°77 x 760 x 300 
Na — zxr S 4 litres, 


Then, 


Ex. 16. A100 gram sample of KCIO, was heated under such 
conditions that a part of it decomposed according to the equation. 

(i) 2KCIO,—2KCIl4- 30, 

and the remaining underwent change according to the equation 

(ii) 4KCIO, —3KCIO, +KCI' 

If the amount of oxygen evolved was 146°8 ml at S. T. P., 
calculate the percentage by weight of KCIO, in the residue. 


LL I T.'77] 


(i) 2KClo, = 2KCl 


+ 30, 
2x1225 2x745 3 x 22400 c.c, at N.T.P. 


At N.T.P. 3 x22400 c.c. O =2x 122:5 gram KCIO, 


222x745 gram KCl 
. 2x 1225x 1468 ,. 
146°8 c.c, O,2 —3x22400 KCIO, 
22x 74:5 x 146°8 
B X0 grams of KCl. 
146°8 c.c. O,=0°5352 gram KC1O,=0°3255 gram KCl 


Hence, 146:8 c.c. of O, are evolved by the decomposition of 
nu 5352 gram of KCIO, and 0:3255 grams of KCl are left as residue. 


Remaining (1—0°5352) or 0:4648 gram of KCIO, decompose 


according to the equation : 


KCl 


KCl. 


4KClO,; =  3KCIO, + KCl 
4x 122:5 3x138'5 745 
4x122:5 gram KC1IO,=3 x 138:5 gram KCIO,—74:5 gram 


3x138:5x0:4648 
0:4648 gram KCIO,-—— 3x125 — gram KCIO, 
—74:5 x 04648 
= ss gram KCl 
0:4648 gram of KC1IO,=0°3941 gram KC1O,=0°07067 gram 


Total weight of residue =0°3941 4-0:07067 +0°3255 
=0°79027 gram. 


0°3941 x 100 
9, KCIO, in the residue= 79007 =49°86 
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Problems 


1. How many litres of acetylene will be produced at N.T.P. when 8 grams 
of calcium carbide react with water ? [ Ans. 2'8 litres ] 


2. What weight of water will be produced by passing 10 litres of hydrogen 

measured at 760 mm and 0°C over 1:00 gram of heated copper oxide? (Cu=64) 

[Ans. 0'225 grams ] 

3. What volume of oxygen at 12°C and 780 mm will be required to burn all 

the hydrogen evoled by the action of dilute HC1 on 25 grams of zinc d cL. 08 ] 

» U., '0 

4. When burned, 3 grams of anthracite liberated 5'3 litres of carbon dioxide 
measured at N. T. P, What was the carbon content of the anthracite ? 

[Ans, 946695] 


5. What weight of potassium chlorate is required to liberate 1 litre of 


oxygen at N. T. P. ? [ Ans. 3:645 grams ] 
6. What weight of calcium carbonate is required to prepare 5'6 litres of 
carbon dioxide at N. T. P. ? iL Ans, 25 grams ] 


7. Assuming that oxygen content of air is 20 per cent by weight calculate 
the weight of sulphur required to convert all the oxygen in 1000 litres of air 
at 27°C and 760 mm pressure into sulphur dioxide. [ Ans. 235:872 grams ] 


[Hints: Let 1000 litres of air under this condition occupy V litres at N.T.P, 
Vosa = 100x760 or V=910 litres. Now, one litre of any gas at N. T. P. 
weighs 0:09xd grams where dis the density of the particular gas referred to 
hydrogen as unity. .. the weight of 910 litres of air at N, T. P=910x 14:4x*09 


Or1179:36 grams, Again, 1179:36 grams of air contain 20X 117936 op 5357 — 


100 
grams of oxygen and hence, etc, ] 


8. What volume of air at 27°C and 750 mm would be required for the 
complete combustion of 100 volumes of gaseous mixture containing 46% Ha, 
40% CH4 and 14% CO by volum»? Air may be assumed to contain 21% Og 
by volume. '* (Ans, 5367 vols, ] [ C. U., ^21. ] 

9. Assuming that oxygen content of air is 20 percent by volume, calculate 
what volume of air is required to burn one cubic metre of technical water gas 
containing 50 per cent of hydrogen, 40 per cent of carbon monoxide, 5 per cent of 
carbon dioxide and 5 per cent of nitrogen. [Ans 225cu. m. ] 

10. Assuming that air contains 20 per cent by weight of oxygen, calculate the 
volume of air at 27°C and 750 mm pressure that would be required for complete 
combustion of one kilogram of coal, containing 81% C, and 9% hydrogen. 

[ Ans. 123732 litres] 

{ Hints : 1 kg. of coal contains 810 grams of carbon and 90 grams of hydrogen, 


810 grams of carbon require 3 feno or 2160 grams of Og and 90 grams of He 
require 320 00 grams ofO, ^. Total amount of Og required — (2160-720) 


or 2880 grams, Now 2880 grams of Og are present in 100x 2880 or 14400 grams of 
air. Again weight of 1 litre of air at N. T. P. —14:4x0*09 or 1'296 gram. 
1296 gram of air occupy 1 litre at N. T. P. 
« 14400 grams of air occupy e or 11111 litres at N.T.P. Let this 
volume of air at N.T.P. occupy V litre at 27°C and 750 mm pressure. 


. 1111x760_Vx750 A. Du 
EE A S SIND or V= 123732 litres. ] 
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11. Calculate the amount of KClOs which on complete decomposition will 
ield oxygen just sufficient for the compjete combustion of 1099 c.c. of a gas 
mixture containing 20 per cent acetylene and 80 per cent carbon monoxide at 
27°C and 760 mm pressure. f Ans. 32811 grams] 
12. A balloon of 1000 litres capacity is to be filled with hydrogen at 27°C 
and 760 mm pressure. Calculate the amount of iron required to liberate necessary 
amount of hydrogen. 

[Ans. 1706-25 grams by steam-iron method and 2275 grams:by the action of 
acids. ) 

13. 13158 grams ofa sample of limestone was dissolved in HCI in air-free 
apparatus. The volume of the gas (free from acid vapour and moisture) measured 
at 27°C and 750 mm pressure was found to be 31L:8 c.c. On strongly heating, 
10526 grams of the same sample left a residue of 06126 gram. What is the 
density of the gas at N. T. P. and its molecular weight ? 

[ Ans. 44; 0001964 g/c.c. ] [ C. U., 40] 


[Hints: Let the volume of 311-8 c.c. of the gas at 27° and 750 mm pressure 


$ 1U8x750. V x760 3 
be V c.c. at N. T. P. s, E r 75273 or V =280 c.c. 


Now, 13158 grams of the sample evolve 280 c.c. of the gas at N, T. P. 


280x T0526, 924 cic, of the gas at 


4. 170526 grams of the sample evolve TAG 


N. T. P. 

Now, 1:0526 grams of limestone on strongly heating liberate 224 c.c. of the 
gas at N. T. P. and then leave a residue of 06126 gram. .*. — 224 c.c. of the gas 
weigh (1:0526 — 0:6126) grams or *44 gram at N. T. P. .. 224litres of the gas 
weigh 44 grams at N. T. P. Now, density of the gas is 0°44/224 or 0:001964 
gram/c.c, 

14. Calculate the amount of granulated zinc which would liberate 1000 c.c. 
of dry hydrogen at 30°C and 754 mm pressure, assuming that zinc completely 
reacts with dilute sulphuric acid. (Zn=65) [Ans. 2'600 gram] [C.U., '55] 

15. Exactly 3 grams of magnesium carbonate (MgCOs) were added to 5:00. 
grams of dilute sulphuric acid; after all action had ceased, it was found that 
are gram was left undissolved. Calculate the percentage strength of sulphuric 
acid. 


In this reaction what volume of carbon dioxide would be evolved measured at 
N.T.P.? (Mg=24) [ Ans. 58°96%, 670 c.c. ] 
16, A blackened silver spoon weighing 50 grams on treatment with hydro- 
chloric acid evolves 100 c.c. of HoS at 27°C and 760 mm pressure. Calculate the 
percentage of silver in silver spoon. [ Ans. 978687] 


17, Calculate the volume of hydrogen at 27°C and 750 mm pressure that 
would be produced by the decomposition of 3°6 grams of water (i) by sodium andi 
(ii) by calcium hydride. [ Ans. (i) 2494 litres, (ii) 4:988 litres ] 

18. A sample of dolomite contains 50% CaCOs, 40% MgCOs and 10% clay. 
Calculate the volume of COs measured at 27°C and 750 mm pressure which 
would be evolved on heating 10 grams oi the sample with HCl. 

[ Ans. 2'434 litres ] 

19. How many litres of carbon dioxide at N. T, P. should be passed through. 
a solution of calcium hydroxide, Ca(OH)s to obtain 25 grams of CaCOs. 

[Ans. 36 litres ]. 

20. 10 c.c. of a solution of hydrogen peroxide liberated 0:254 gram of iodine 
from KIsolution. Calculate the strength o! hydrogen peroxide solution in terms 
of (a) gram per litre and (b) “volume” strength. 

(Ans. (a) 3'4 grams/litre (b) 11:2 vol. } 
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[ Hints : HeOo+2HCl+2KI=2KCl+2Hs0+Is 
34 254 


34x0:254 
254 


«<. Amount of H0, - 2034x1000 or 3°4 grams per litre and the solution is 


0:34 per cent strong. (b) ‘Now, 1% solutlon of hydrogen peroxide is of “3:3” 
volume strength. .. 0:349, solution of hydrogen peroxide is of 3:3 x 0°34 or 1:122 
volume strength. ] 


21. 0:5 gram ofasample of chalk containing silica on treatment with 
hydrochloric acid liberated 100 c.c. of COg measured at 27°C and 750 mm 
pressure. Find the percentage of silica in the sample. [ Ans. 20%] 


22. Calculate the volume of air at 27°C and 760 mm pressure that will be 
required for the complete combustion of 1 gram of a sample of pyrite containing 
607, of sulphur assuming that air contains 20 per cent of oxygen by volume. 

[ Ans, 2:307 litres ] 


23, 20 grams of copper and sulphur are separately heated with excess of 
concentrated sulphuric acid. Compare the volumes of sulphur dioxide produced. 
[ Ans. 32:189] 


24. What volume of gas ought to be obtained by the solution of 76:2 grams 
of copper in strong sulphuric acid, the gas being measured at 21°C and 791 mm ? 
[ Ans. 27°5 litre] [ London Inter. ] 


25, The air in a room was tested for carbon dioxide by drawing 100 litres of 
it at 27°C and 750 mm. pressure through caustic potash, The increase in weight 
of the potash was 1'S gram. Calculate the percentage by weight of CO» in the 
air of the room, [ Ans. 1287] 


26. 1 gram of a compound contains 0:075 gram hydrogen, 0:262 gram nitrogen 
and 0'663 gram chlorine. Calculate the weight of the compound required to 
obtain 1 litre of ammonia gas at 27°C and 760 mm pressure, 

[ Ans, 2:73 gram ] [ H. S. (Comp.), '62] 

27. A sample of zinc contains zinc oxide as impurities. When 1 gram of the 
sample of zinc is dissolved in dil. HCI 130 c.c. of dry hydrogen is obtained at 
50°C and 755 mm pressure. Calculate the percentage of zinc in tho sample. 
Zn=65 [ Ans. 31°65%] [London Matric ] 

28. When 0'1 gram of a mixture of aluminium and magnesium is dissolved 
in dil. HCl 220 c.c. of dry hydrogen is obtained at 27°C and 760 mm pressure. 
Calculate the percentage composition of the mixture. Al=27, Mg=24 

[Ans. Al=34266% Mg=65'734% ] 

29. 2grams of a mixture of NaHCOs and NaCO contain the two 
constituents in equal amounts. Calculate the volume of carbon dioxide evolved 
at N.T. P, when2grams of the mixture is heated until a constant weight is 
obtained. [ Ans, 133:33 c.c. ] 

30. A sample of aluminium contains alumina as impurities. When 0:032 
gram of the sample is dissolved in dil. HCl 39'3 c.c. of hydrogen is obtained at 
13°C and 761 mm pressure. Calculate the amount of impurities in per cent in 
the sample. Aqueous tension at 13°C=11 mm Hg. [ Ans. 7°47%] [ Cal., '46] 

31. lgram of iron is converted into ferric chloride. What volume of H;S at 
IN, T. P. will reduce the aqueous solution of this ferric chloride into ferrous 
chloride? Fe-56. [Ans. 200c.c.] [ Patna, '23] 

32. Asample of potassium chlorate contains potassium chloride as 
impurities. Oxygen evolved when 1'555 gram of this sample is decomposed 
burns completely 152 c.c. of acetylene at 27°C and 750 mm pressure, Calculate 
the percentage of KC1Os in the sample. [ Ans. 80137] [ Cal., 40] 


33. The density of a dilute sulphuric acid is 1:55 gram.|c.c, and it contains 


0:254 gram of iodine is liberated by =0°034 gram of HsOs. 


168 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


65% by weight of HeSO.. What volume of hydrogen at 27°C and 750 mm 

pressure will be evolved when 750 grams of zinc react with 1 litre of this acid ? 

(Zn =65) [ Ans. 256°43 litre] [H.S. '75] 

_, 34. What weight of pure calcium carbonate will be required to prepare 1 

litre of COg at 27°C and standard pressure? What weight of pure carbon will 
be required to prepare this amount of CO; ? C 

[ Ans. 4'062gram, 0'4874 gram ] [ Cal., 29] 

35. The density of a dil. HCI is 1:2 gramjc.c, and it contains 50% by weight 

of HCl. Calculate the volume of this acid required to react completely with 


_ T'9 gram of cupric oxide. (Cu=63) (Ans. 12167 c.c.] 


(ii) Volume-volume problems. Eudiometry. When two or 
more gases take place in a chemical reaction, it is possible to 
calculate the volume of one gas which will react with or be produced 
from a known volume of another gas. The solution to such 
problems is provided by the direct inspection of a balanced chemical 


“equation. Thus the equation 2CO--O,—2CO, indicates that 2 


gram-molecules of carbon monoxide react with 1 gram-molecule 
of oxygen to torm 2 gram-molecules of carbon dioxide. Since one 
gram-molecule of any gas occupies 22:4 litres at N.T.P., we can 
say that 2x22-4 litres of carbon monoxide react with 22:4 litres 
of oxygen to form 2x22'4 litres of carbon dioxide at N.T.P. If 
one gram-molecule of any gas is supposed to occupy one volume, 
then we can make the statement that under the same conditions of 
temperature and pressure 2 volumes of carbon monoxide react 
with one volume of oxygen to produce 2 volumes of carbon dioxide. 
One volume then becomes equal to 22:4 litres at N.T.P. The 
following reactions will serve as illustrations : 


. 0) 2H, + 0, = 2H,O (steam) 
2 vol. 1 vol, 2 vol. contraction- 1 vol, 
(i) 2H, + O, a 2H,0 (liquid) 
j 2 vol, 1 vol. O vol.  contraction—3 vol, 
(ii) C +O, zx GO. 
(solid) I vol. lvol ^ contraction—nil 
(v) CH, 4220409 C0, + 2H40 (liquid) 
1 vol. 2 vol. lvol. 0 vol. contraction=2 vol. 
(v) 2NH, EDEN fi SH, 
2 vol. . 1vol 3 vol. expansion=2 vol. 
(vi) NH, + HCl = NH,Cl (solid) 
1 vol. 1 vol, Ovol.  contraction—2 vols. 
(vi)N, + O, = 2NO 
1 vol. 1 vol. 2vol  contraction=nil 


“Since the volume occupied by a liquid ora solid is negligible in 


comparison with the volume of a gas, a solid or a liquid is assumed 
to occupy zero volume in gas analysis. 
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Determination of the formula of a pure gas. The formula of 
gases can be calculated by the application of Gay-Lussac’s law of 
volumes to the volume relationships of the reacting substances and 
their products. The method can be explained by the reaction 
between chlorine and excess of ammonia solution. From the 
experiment, it is found that 3 volumes of chlorine displace from an 
unknown volume of ammonia, 1 volume of nitrogen. Now, 3 
volumes of chlorine react with 3 volumes of hydrogen. Hence 
nitrogen and hydrogen are present in ammonia in the ratio of 


1 volume of nitrogen 

3 volumes of hydrogen 
1 molecule of nitrogen 

3 molecules of hydrogen 


or, 2atoms of nitrogen (since nitrogen and hydrogen 
> Gatoms of hydrogen molecules are diatomic.) . 


or, L atom of nitrogen - 
' 3atoms of hydrogen 
Hence the formula of ammonia is NH, or N, H, or some other 
multiple of NH,. Determination of vapour density of the gas 
supports the formula NH; 


Determination of the formula of a gaseous hydrocarbon. The 
formula ofa gaseous hydrocarbon can be ‘determined by exploding . 
it with a measured excess of oxygen. After cooling the mixture to 
the original temperature, the contraction due to explosion is noted. 
The carbon dioxide formed is then absorbed in caustic potash and. 
its amount is thus found. The contraction that occurs due to the 
removal of carbon dioxide is then noted. To illustrate the method 
of calculation, the following example may be taken. Let the hydro- 
carbon C,,H,, be exploded in known excess of oxygen, m and n being 
the number of atoms of carbon and hydrogen respectively. 


Let the volume of hydrocarbon taken =V; cc, 
the contraction on explosion =V; CC. 
the volume of carbon dioxide produced =V, c.c. 


'Now, each molecule of the hydrocarbon, when exploded with excéss 
oxygen, yields m molecules of carbon dioxide and n/2 molecules of 
water. Since one molecule of carbon dioxide contains 2 atoms of 
oxygen and one molecule of water contains 1 atom of oxygen, the 
tota] number of oxygen atoms required for complete combustion of 


a ry 
one molecule of hydrocarbon is (2m+3). Since the oxygen mole- 


Of, (by Avogadro's hypothesis) 


cule is diatomic, the number of oxygen molecules required for the 


complete combustion of one molecule of hydrocarbon is (242). " 
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Hence the reaction which occurs on explosion may be represented 
by the following equation : 


Cyl, +(m+F)0, -mCO, 45 H,0 


1 volume of C,,H, reacts with (m+) volume of oxygen to form m 


volumes of carbon dioxide ; the reaction is accompanied by a 
contraction in volume. Hence V, c.c. of C,H, react with V, X 


C €.c. of oxygen to form mV, c.c, of carbon dioxide. 


volüme before explosion=V, tV. (me) + unreacted 
oxygen and volume after explosion=mV , +-unreacted oxygen. 


contraction on explosion=V,+V, ( m+) —-mV,-V, 


: U OMNE eRe AY aes 

V VEAN ev Dn n=4(%: 1 

Now, volume of carbon dioxide=mV, 
mV,=V, S mS 


1 
Vi, V, and V, are found out by experiment and hence the value of 


mand can be determined. The formula of the hydrocarbon can, 
therefore, be deduced. 


Problems 


Ex. 1. 5c.c. of a gaseous hydrocarbon were mixed with an 
excess of oxygen and the mixture exploded by means of an electric 
Spark. The contraction abserved was 10 c.c. On adding a con- 
centrated solution of potassium hydroxide, there is a further con- 
traction of 10 c.c. ; the residual gas being pure oxygen. Calculate 
the formula of the hydrocarbon gas. 


Solution: Let the formula of the gaseous hydrocarbon be 
CmHn where m and m are respectively the number of carbon and 
hydrogen atoms. Then its reaction with oxygen is represented by 


Cm Hn (m?) 0,=mCO, +7 H,O 
5 e.c. of Cm Hn+5x( m+) c.c. of O, 


—5m c.c. of CO; + contraction} 
Contraction=5+ 5(m + B —5m=10 


LI 
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4 nts 
Volume of CO, —5m- 10. sS. m-2 


The formula of hydrocarbon is C,H. 

Ex. 2. 100 volumes of a mixture of carbon monoxide and 
acetylene were mixed with 250 volumes of oxygen in an eudiometer 
and fired. After cooling, the residual gases occupied 260 volumes, 
and after treatment with potash the residual oxygen occupied 120. 
volumes, What was the composition of the mixture 59 

Solution : Let x volume of acetylene be present in the mixture,. 
then the volume of carbon monoxide — (100 — x). 

The reactions which take place, when exploded with oxygen, are 


(i) C,H, + $04 02605 + H,O 
1 vol. $ vol. 2 vols, 
x vols. 5 x vols. 2x vols. 

(ii) CO + 40, = CO, 
1 vol. 3 vol. ] vol. 


(100—x) vol 3(100— x) vol (100 — x) vol. 
volume of CO, —2x-- (100 — x)--260— 120—140 
"uo x=40. 

Hence, the composition of the mixture is: acetylene, 40 vols. 
and carbon monoxide, 60 vols. 

Ex. 9. 25cc. of a mixture of gases consisting of nitrogen and 
nitric oxide is passed over ignited metallic copper and the resulting 
product collected and was found to occupy 20 c.c. Calculate the 


percentage composition of the original mixture, the gases being 
measured at the same temperature and pressure. [ C. U., 20] 


Solution: Let the volume of nitric oxide be x c.c. Then the 
volume of nitrogen is (25— x) c.c. The reaction which occurs is 


NO + Cu=Cu0+3N, 
1 vol. 4 vol. à 


x c.c. of nitric oxide on reduction yield 5 c.c. of nitrogen. 


volume of nitrogen=3+ (25 —x)=20 or x=10 c.c. 


^ percentage of nitric oxides 10:100 — 49 


percentage of nitrogen= Bx. 60. 


Ex. 4. Amixture containing 40 c.c. of nitrous oxide and 40 c.c. 
of nitric oxide was exploded with 80 c.c. of hydrogen. All the: 


E 


~ 


172 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


‘hydrogen was used up and no unreacted nitrous oxide and nitric 
oxide remained. The volume of nitrogen produced was found to 
60 c.c. Determine the formula of nitric oxide if that of nitrous 
oxide be N,O. 
_ Solution: The reaction of nitrous oxide with hydrogen is 
 Tepresented as, 
on at NO + H, = N, + H,O 
e 1 vol. lvol 1 vol. 

-. 40c.c. of nitrous oxide react with 40 c.c. of hydrogen to 
produce 40 c.c. of nitrogen. 

Nitrogen formed from nitric oxide=60— 40—20 c.c. 

Now, 40 c.c. of hydrogen has reacted with nitrous oxide and 
hence the volume of hydrogen which reacted with nitric oxide= 
(80—40)—40 c.c. But 40 c.c. of hydrogen react with 20 c.c. of 

_ Oxygen. 
.. Hence, 40 c.c, of nitric oxide contain 20 c.c. of nitrogen and 
20 c.c. of oxygen. 

or, 1 c.c. of nitric oxide contain 3 c.c. of nitrogen and j c.c. of 
oxygen. 

or, 1 molecule of nitric oxide contains 4 molecule, i.e., 1 atom 
of nitrogen and 4 molecule, i.e., 1 atom of oxygen. 

Hence, molecular formula of nitric oxide is NO. 

Ex. 5. On passing through strongly heated charcoal one litre of 

“a gas mixture of CO and CO, is found to give 1600 c.c. of CO both 
measured under the same conditions. Calculate the composition of 
the mixture. [ c U., 714] 
~ Solution. Let x c.c. be the volume of CO, in the mixture. 
volume of CO —(1000— x) c.c, 
The reaction that takes placeis:C + CO, = 2CO 
1 vol. 2 vols. 
Hence, x c.c. of CO, produce 2x €.c. of CO, The volume of co 
produced from the mixture of CO, and CO —2x--(1000— x) —1600 
[cs s. x=600 
3 volume of CO, —600 c.c. and volume of CO —400 c.c. 

, Ex. 6. 100 c.c of oxygen were subjected to silent electric 
discharge and the volume of the ozonised oxygen was found to be 
70 c.c. What was the percentage of ozone in the ozonised oxygen ? 

Solution. Let the volume of ozone in the ozonised oxygen be 

cu A 


Zcc. .. The volume of oxygen=70—x c c, Oxygen is ozonised 
“according to the following equation : i 
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2 € c. of ozone is formed from 3 c.c. of oxygen. 
3x 


j ce of oxygen 


x c.c. of ozone is formed from 


+70-x=100 or x=60 


percentage of ozone in the ozonised oxygen= 
or 85°71. 


Ex. 7. For the purpose of determining the formula of a gaseous 
hydrocarbon, its 5 c.c. were mixed with 12 c.c. of oxygen and the 
mixture was exploded in an eudiometer. On condensation of the- 
water vapour, the volume of the gaseous residue was 7 c.c. and 
after treatment with alkali, it réduced to2c.c. All measurements 
were made in the same conditions. Calculate the formula of the 
hydrocarbon. 


Solution. Let the formula of the hydrocarbon be CmHn where- 
m and n are the number of carbon and hydrogen atoms respectively. 
The reaction which takes place is 


CmHn+ (m4-7) 0, = mCO,+3 H,O 


1 vol. (m) vol, m vol. 


1 c.c. of CmHn give m c.c. of carbon dioxide. 

5 c.c. of CmHn give 5m c c. of carbon dioxide 

volume of carbon dioxide=5m c.c.—(7—2) or 5 c.c. 
mzl. 


Now, 5 c.c. of CmHn react with s( m4?) cc, of O, 
Volume of oxygen reacted=12—2=10 c.c. 
n. 
5(m-+%)=10 
nl 5 d. 
5(1+4)=10 ns 
Hence, the formula of hydrocarbon is CH,. 


Ex. &. One volume ofa gaseous compound containing carbon, 
hydrogen and oxygen was burnt in the presence of 2:5 volumes 
ofoxygen. On complete combustion the resultant gases contained 
2volumes of steam and two volumes of carbon dioxide. AIL 
volumes were measured under identical conditions. What is the 
formula of the compound ? [LI T., 66.3 


60 x 100» - 
70:28 


"5 


"4 » * 
$ X è 
OP * 
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Solution. Let the formula of the compound be C,H,O,. 
"The equation for the combustion is: 


C,H,0, + xO, + 40. = 503 = xCO,+3H,0 


X vol. 2 vol. » 
7 p! vol. x vol. 4 vol 5 vol x vol 5 vol. 


volume of CO, produced=2 vols.—x vol. 
>. oxm2 


"Volume of steam produced=2 vols.=4 vol. 
7. y=4 
an volume of reacted oxygen=2'5 vol. 
T Jia Tm 
d Ds kp cams S. z=, 


ies the formula of the compound is C,H,O. 

Ex. 9. Ten ml of a gascous organic compound containing C, 
Hand O only, was mixed with 100 ml of oxygen and exploded under 
conditions which allowed the water formed to condense, The 
volume of the gas after explosion was 90 ml. On treatment with 

solution a further contraction in volume of 20 ml. was 
observed. Given that the vapour density ofthe compound is 23, 


ape the molecular formula. All volume measurements were 


carried out under the same conditions. DELT, 7] 
Solution. Let the formula of the organic com, und be C,H,O,. 
ft burns in oxygen according to the following poser Visa 


C,H,0, + x0,+40, - 30, = xCO, + 3H,O 
1 vol. x vol. P vol. j vol. xvol, ‘0’ vol. 


10 c.c. 10x cc toy e.c. m €.c. 10x c.c. 


3 First contraction e 10-4 10x- 10 — 107 — 10x 
=110-90=20 
" 10y _ 102 
e d te as 
. 10y 5 
GA "2 52-10 (i) 
volume of CO, formed=10x=20 
" x=2 


* 
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Hence the formula of the compound is C,H,O, 

.. Its molecular weight=2 x 124-y x 13-2 x 16 
The vapour density of the compound 23 
Its molecular weight 23 x 2246 

Jo. 2x124yXxl+zx16=46 

or, 24-+-y+ 16246 


or, y+l6z=22 (ii) - 
From equations (i) and (ii) we get 
z=] and ye6 
The molecular formula of the compound is C,H,O. 
Ex. 10. 09 of a solid organic compound (molecular 


weight 90) containing carbon, hydrogen and oxygen was heated 
vM corresponding to a volume of 224 ml at S.T.P. After 
combust; 


treatment with potassium hydroxide, the volume decreased to 
112 ml. Determine the molecular formula of the compre 


LLT,'72] 
Solution. Number of moles of organic compound taken "> =001 
At S.T.P. the volume of CO, produced = 560— 112=448 c.c. 
number of moles of CO, produced = an 220*02 
P CS volume of oxygen that has reacted 224 — 112-112 c.c, at 


number of moles of oxygen that has reacted sy 0°05 


Let the formula of the organic compound be C,HyO,, It burns 
in oxygen according to the following equation : 


C,H,0, + (x+4-3)O=x00, + 3H0 
0'01 mole 0*005 mole 0'02 mole 


1 mole 0'5 mole 2 mole 
SO x=2 (i) 
Y-i2 
X1 5 05 
Z0 yz e 
or, 245-3205 or j-3-—-15 (ii) 


Again, 12x-F 1X y-16x 22:90 
or 12x2+y+16z=90 
or, y+l6z=66 Gii) 


on the total volume of the gases was 560 ml at S.T.P. On - 


ee 


sis Md 
"m; 
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From equation (ii) we get, y —22— —6 
From equation (iii) we get, y+ 16z=66 
18z=72 S. z=4 
S pH? 
The formula of the organic compound is C,H,O,. 

Ex. 11. 60 ml ofa mixture of equal volumes of chlorine and 
an oxide of chlorine was heated and then cooled back to the original 
temperature. The resulting gas mixture was found to have a 
volume of 75 ml. On treatment with caustic soda solution the 
volume contracted to 15 ml. Assuming that all measurements were 
made at the same temperature and pressure, deduce the simplest 
formula of the oxide of chlorine. (The oxide of chlorine on heating 
decomposes quantitatively to oxygen and chlorine.) [I.I. T., ’71 } 


Solution. Let the formula of the oxide of chlorine be Cl,,0,,. 
Volume of Cl, before heating=30 ml. 
Volume of Cl,,0, before heating=30 ml. 
Contraction of volume by NaOH solution—75 — 15260 c.c. 
Volume of Cl, in the mixture after the reaction 60 c.c. 

Volume of oxygen=15 c.c. 
Volume of Cl, produced in the reaction — 60— 30— 30 c.c. 
Chlorine oxide decomposes according to the following equation : 


CO, = “Cle + 59: 


m 
1 vol. 3 vol. 2 vol. 
30 c.c. 30 c.c. 15 c.c. 
1 c.c. 1 c.c. icc. 
m. = 
7 1 m=2 
n |l - 
p I 


The formula of chlorine oxide— C1,0. 


EXERCISES 


1. 20 c.c. ofa hydrocarbon were exploded with 250 c. 
immediate contraction was 40 c.c. and the volume of COS oda re nro 
absorption was 20 c.c. What is the composition of the hydrocarbon ? 


S ; m s [ Ans. CH,] [C. U., '32] 
, c.c. ofa gaseous hydrocarbon were exploded with 

The contraction observed was 15 c.c. On teatar with KOH a ge 
contraction of 20 c.c, took place. What is the molecular formula of the 
hydrocarbon ? [ Ans. CoH» } 


V 
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3. 25 c.c. of marsh gas at N. T. P. are mixed with 300 c.c. of air at 27°C 
and 750 mm pressure and the mixture is exploded by electric sparks. Find out 
the volume of the residual gas at 17°C and 750 mm, Aircontains 20% Os and 
80% Na by volume. [Ans. 263'09 c.c. ] ( C. U., 16] 


4. Toa mixture of acetylene, hydrogen and carbon monoxide occupying 
20 c.c., 50 c.c. of oxygen were added and a spark passed. After cooling, the 
residual gases contained 16 c.c. of carbon dioxide and 36 c, c, of unburnt oxygen, 
What was the composition of the mixture ? È 
| Ans, 2c.c. CeHe, 6 c.c. He and 12 c.c, CO] -~ 
(Hints: Letxc.c. be the volume of acetylene, y c.c. be the volume of 
hydrogen ; then volume of CO - (20—x — y) c.c, The reactions Occurring are : 
(i) C,Het+§Oo =2CO,+H2O0 
xcc. $xcc. 2x c.c. 
(i) Ha4jOs  =H20 (iii) CO + | 10. = CO, 
y c.c, dy c.c. (20-x—y)(20—x—y) (20—x—y) 
Now, volume of carbon dioxide produced =2x+(20-x—y)=16 or x—y-—4 
Volume of oxygen reacted=§x+}y+3(20—x—y)=50—36 or 14cc. 
4 4x28 X x22 M yab. 
^ Volume of acetylene 22 c.c., volume of hydrogen=6 c.c, and volume of . 
carbon monoxide — 12 c.c. ] 


5. Calculate from the following data the composition of nitrous oxide : 
Volume of gas taken 10 c.c. , volume after addition of hydrogen=28 c.c, » 
volum» after explosion 18 c.c. ; volume after addition of oxygen=27 c.c. and 
volume after second explosion — 15 c.c. [C. U., 19] 


( The volumes are reduced to N, T. P. ) 


6. 50c.c. of a mixture of CO and CaHa gases were mixed with 100 c.c. of 
oxygen in an eudiometer and fired. After cooling the residual gases occupied 
100 c.c. and after treatment with potash the residual gases occupied 50 c.c, E 
Calculate the composition of the original mixture. ¥ 
(Ans, CO 80% and C,H, 20%] 


7. A mixture of oxygen and carbon monoxide is exposed to the action of 
ultraviolet light, Ozone and carbon dioxide are the new gases formed in the 
reaction. If 100 c.c. of gas were taken in which the ratio O,/CO was 1'015, how 
many c.c. of each of the gases will be found in the residue which measures 
85:87 c.c, and has the ratio COg/CO=0°2419 ? 


[ Hints. Lot the volume of oxygen present in 100 c.c. of the gas-mixture be 
x c;c. then the volume of CO is (100—x) c.c. 


X ef 25037 
T EST 1-015 or x=50 
4 volumo of oxygen= 50:37 c.c, and volume of CO — 49:63 c.c. 


Let V, and V, be the volumes of Os and CO which are converted into Os and" 
CO, respectively. The reactions taking place are : 


(i 302 = 20s contraction 


* 


3 vols. 2 vols. 1 vol. 
ie. lvol. å vol. § vol. 
V4 c.c. $Vice  $V,cc. 
(ii) CO + 4140: = COs contraction 
1 vol. 3 vol. 1 vol. 1 vol. 
V, cc. Va c.c. Va c.c. 1V, c.c. 


12 
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+. Total contraction - (3 Vi tà V2) c.c. —100—85:87 14:13 c.c. 
or, 2V1+3V2=84°78 
vol. of COs produced _ Va =0°2419 
vol. of CO left unreacted  (49°63— V3) 
Or, Va-9:6626 
Again 2V, + 3V, 58478 
Or, 2V, + 3x9:6626-8478 or, V,-278961. 

;* volume of ozone present in the residue - 3 V, —3 x 27:8961 or 18:5974 c.c. 
volume of COg present in the residue = V4 c.c. = 9:6626 c.c. 
volume of oxygen present in the residue 

=50'37—(volume of oxygen used up) 
=50°37—(v, +4 Va) 50:37 — (27:8961 +4'8313) 
176426 c.c. 
and volume of CO —49:63— V, —4963— 96626 —39:968 c.c. 
Total volume of the residue — 85:8706 c.c. 

8. l10c.c. of a hydrocarbon were mixed with 50'c.c, of oxyg2f ia an oudio- 
meter and fired. The volume of the residual gas was 40 c.c. and on adding 
caustic potash th» volume decreased to 20 c.c, What was the hydrocarbon ? 

[ Ans, CoH, ] 

9. 100c.c. of a mixture of nitrous oxide and nitric oxide were mixed with 

equal volume of hydrogen in an eudiometer and fired, Tho residus consisting of 
pure nitrogen was found to be 60 c.c. Calculate the composition of the mixture. 

[Ans. NsO, 20 c.c. & NO, 80 c.c. ] 

10. 100 c.c. of a mixture of CO, CH, and Hg are mixed with 300 c.c. of Os in 

an eudiomster and fired. After cooling the resulting gas occupied 285 c.c, and 

after absorption by potash 205 c.c. of Oa remained. Find the composition of the 

mixture. (Ans. CHa, 30 c.c. ; CO, 50 c.c. and Hs, 20 c.c., ] ( C. U. '41 ] 

11. A mixture ofcarbon monoxide, methane and ethane measuring 10 c.c. 
was mixed with 40 c.c. of oxygen and fired in a moist eudiometer. After cooling 


the residual gases were found to consist of 12 c.c. of carbon dioxide and 23 c.c. of 
uncoüsumed oxygen. What was the composition of the mixture ? 
[Ans CO, 4c.c.; CH, 4c.c. ; CoH, 2 c.c. 1 
12. 100 c.c. of a sample of coal gas containing 40% Ha; 307 CH,, 20% CO and 
10% C9H. were exploded with 1 litre of air in an eudiometer, Assuming that air 
contains 20 per cent oxygen, calculate the composition of the residual gas, 


[Ans. CO, 7339, ; Oa 897; Na 83°76% ] 

13. 10 c.c. of ethylene arə mixed with 50 c.c. of oxygen in an eudiometer and 
fired. If ths measurements are made above 100°C, what is the composition of the 
products ? [Ans. COs, 333395 ; O,, 3333% steam, 3333% ] 
14, 60c.c. ofoxygen is subjected to silentelectric discharge and the volume 

Of ozoaised oxygsn bscomes S0c,c. Calculate the composition of ozonised 
oxygen. [ Ans. Os, 20 c.c. Os, 30 c.c. ] 
15. 70c.c, of oxygen was partly ozonised and the decrease in volume was 5 
c.c. Calculats ths volum? of ozons produced. | If the resulting gas is treated with 
ex:e:s of potassium iodide solution, then what weight of iodine would be 
liberated ? [Ans 10c.c. Os, 0:1134 grams of Iz ] 
16. 25c.c. of oxygen is required forthe complete burning of 10 c.c. ofa 
mixture of methane and ethylene. What is the composition of each gas by 
volume ? [ Ans. CH, 50% C2H4 50% | 
17. On passing 100 c.c. of nitrogen dioxide over heated copper 50 c.c. of 
nitrogen is obtainsd under th> same conditions of temp»rature and pressure. 


Now, 
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The vapour density of the compound is 23 at 140°C, What is the molecular 
formula of the compound ? [ Ans. NO,] 

18. 10 c.c. of nitric oxide were heated with a spiral of iron by electric 
current. The remaining gas after cooling was found to occupy 5c.c. Deduce 


the molecular formula of nitric oxide, 100 c.c. of the gas weighing 01339 gram 
at N. T. [Ans NO] 


19. 60c.c. of a mixture of chlorine monoxide and chlorine dioxide were 
decomposed by heating and the chlorine produced were absorbed in KOH 
solution, Asa result there isa decrease in volume of 50c.c, Determine the 
composition of the mixture of the oxides. [ Ans. ClsO, 40 c.c. CIOs 20 c.c. J 


20. On passing 100 c.c. of ozonised oxygen through a red-hot tube 120 c.c. 
of the gas is obtained, Calculate the percentage composition by volume of the 
original mixture. [ Ans. Os, 40% O, 60% J 


21. Ten ml. ofa gaseous hydrocarbon was burnt completely in 80 ml. of 
oxygen at N.T.P. The remaining gas occupied 70 ml. at N.T.P. This volume 
became 50 ml, on treatment with KOH solution. What is the empirical formula 
of the hydrocarbon ? [Ans CHa ] [I.1. T.,'76] 

22, A gaseous organic compound (A) is mixed with a volume of oxygen 
which is just sufficient to burn it completely. After burning 9 volumes of this 
mixture it is found that 4 volumes of CO,, 6 volumes of steam and 2 volumes 
of nitrogen are formed under the same conditions of temperature and pressure, 
Ifthe organiz compound contains only carbon, hydrogen and nitrogen, then 
what volume of oxygen is required to burn it completely ? What is the molecular 
formula of the compound (A) ? [ Ans. 7 volumes; CHN, } 


23. 12c.c. of a gaseous hydrocarbon is mixed with excess of oxygen and the 
mixture is exploded. After explosion the contraction in volume was 30 c.c. 
After shaking the mixture with KOH solution. a further contraction of 24 c.c, 
was observed, Calculate the molecular formula of the gas. 

Ans. CoH] (J. E, E, 74] 

24. 20 c.c, of a gaseous hydrocarbon was mixed with 66 c.c. of oxygen and 
the mixture was exploded. After explosion the volume of the residual gases in 
the cold condition was found to be 56 c.c. After shaking this mixture with 
KOH solution, the volume ofthe mixture further reduced to 16c,c. The gas 
which is left is oxygen. Determine the molecular formula of the hydrocarbon. 

Ans CaHa] (J. E. E, 73] 

25. 100c.c. of a mixture of carbon monoxide, methane and hydrogen was 
mixed with 300 c.c. of oxygen and the mixture was exploded. After cooling ibe 
volume ofthe resultant gas was 285 c.c. Aftertreatment with KOH. solution, 
205 c.c, of oxygen was left, Determine the composition of the gaseous mixture. 

[ Ans. CO, 50 c.c. ; CHa, 30 c.c. ; and Hg, 20 c.c. ] [ J. E. B. 71] 


xe 


CHAPTER VI 
CHEMICAL EQUIVALENTS 


6.1. Introduction. A study of the proportions by weight im 
which various elements combine led to the introduction of a very 
important concept—the concept of equivalent weight. Let us. 
consider, for example, two hydrogen compounds, viz., hydrogen 
chloride and sodium hydride. 

In hydrogen chloride, 35:457 grams of chlorine combine with. 
1:008 grams of hydrogen. 

In sodium hydride, 23 grams of sodium combine with 1*008 
grams of hydrogen. 

Now, the weights of sodium and chlorine which combine with 
afixed weight of hydrogen in these compounds (e.g., 1-008 parts. 
by weight) are 23 parts by weight and 35:457 parts by weight 
respectively and their ratio is 23 : 35:457. Also, 23 parts by weight 
of sodium. combine with 35:457 parts by weight of chlorine to form 
sodium chloride. Thus, the weights of sodium and chlorine which 
separately combine with 1'008 parts by weight of hydrogen are 
also the weights in which sodium and chlorine combine with each 
other. Thus, 23 and 35:457 are the numbers which represent the 
weights in which sodium and chlorine combine with each other. 

Similarly, for all elements definite numbers can be found ex- 
pressing the weights in which they combine with one another. These 
numbers are called the equivalent weights or combining weights or 
chemical equivalents. 

6.9. Standard on which equivalent weights are based. In 
order to calculate the equivalent weight of an element, it is 
necessary to select a fixed weight of some one element as a 
standard. At present, the standard is taken as 8 parts by weight 
of oxygen, i.e., the weight of an element which combines with 
8 parts by weight of oxygen is taken as the equivalent weight of 
that element. 

Dalton, in 1808, selected 1 part by weight of hydrogen as the 
standard. Since hydrogen is the lightest element, there will be 
the wide inequality of the weights to be measured. Again, there 
are many elements with which hydrogen does not form stable 
compoudns. On the other hand, almost all the elements except a 
few inert gases form compounds with oxygen which are generally 
very stable. Hence, the standard of equivalents was changed to 
oxygen as the standard, the equivalent weight of oxygen being taken 
equal to eight. On this basis, the accurate equivalent weight of 
hydrogen becomes 1:008. 
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The equivalent weight of an element is the weight of that element 
which will combine with or will displace froma compound, 8 parts 
by weight of oxygen (or, 1°008 parts by weight of hydrogen or 35:46 
parts by weight of chlorine). 


Equivalent weight of an element 
Weight of the element x 8 


Weight of combined or displaced oxygen 


La Weight of the element x 1*008 
- Weight of combined or displaced hydrogen 


NN Weight of the element x 35:46 
- Weight of combined or displaced chlorine” 


The equivalent weight is a number. "When the equivalent 
weight of an element is expressed in grams, it is known as the 
gram-equivalent weight of that element. 


Illustrations. (i) In water, H,O, we find that 2:016 parts 
by weight of hydrogen combine with 16 parts by weight of oxygen. 
Or, 1'008 parts by weight of hydrogen combine with 8 parts by 
weight of oxygen. Hence, the equivalent weight of hydrogen is 
1:008. Hydrogen and oxygen combine in water in the ratio 1°008: 
8, i.e., the ratio of their equivalent weights. 

(ii) In hydrogen chloride, HCl, 1:008 parts by weight of 
hydrogen combine with 35:46 parts by weight of chlorine. Hence, 
the equivalent weight of chlorine is 35°46 and hydrogen and chlorine 
combine in the ratio of their equivalent weights, i.e., 1'008 : 35:46. 

(iii) In sodium oxide, Na,O, 46 parts by weight of sodium 
combine with 16 parts by weight of oxygen. Or, 23 parts by weight 
of sodium combine with 8 parts by weight of oxygen. Hence, 23 
is the equivalent weight of sodium. Here also sodium and oxygen 
combine in the ratio of their equivalent weights, i.e., 23 : 8. 

(iv) In calcium chloride, CaCl,, 40 parts by weight of calcium 
combine with 70:92 parts by weight of chlorine. Or, 20 parts by 
weight of calcium combine with 35°46 parts by weight of chlorine. 
Hence, 20 is the equivalent weight of calcium and the ratio in 
which calcium and chlorine combine is 20 : 35:46. 

(v) In the reaction, Zn+H,SO,=ZnSO,+H,, we find that 
65:38 parts by weight of zinc displace 2:016 parts by weight of 
hydrogen from the compound, H,SO,. Or, 32:69 parts by weight 
of zinc displace 1*008 parts by weight of hydrogen. Hence, 32:69 is 
the equivalent weight of zinc. [ 

From above examples, it is clear that the introduction of the 
concept, “equivalent weight", makes it possible to formulate the 
following law called the law of equivalent weights. 
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Elements combine with one another in the ratio of either their 
equivalent weights or simple multiples of their equivalent weights. 


Law of reciprocal proportions and the Law of equivalent 
weights. In sodium oxide, Na,O the ratio by weight of sodium 
and oxygen is 2x23: 16=23: 8. In sulphur dioxide, SO, the ratio 
by weight of sulphur and oxygen is 32 : 32—8 : 8. Hence, according 
to the law of reciprocal proportions sodium and sulphur will 
combine in the ratio of 23: 8 or in the ratio of simple multiples 
of these numbers. In sodium sulphide, Na,S we find that the 
ratio by weight of sodium and sulphur is 2x23 : 32 or 2x 23:4x8; 
23and 8 are respectively the equivalent weights of sodium and 
sulphur. Hence, the law of reciprocal proportions is another form of 
the law of equivalent weights or the law of equivalent proportions. 


Let us suppose that A and B are two elements. a grams of A 
combine with 8 grams of oxygen and b grams of B combine with 8 
grams ofoxygen. By definition of equivalent weights, a and b ate 
respectively the equivalent weights of A and B. According to the 
law of reciprocal proportions, when A and B combine with one 
another, their weight-ratio is ma : nb ; m=1, 2, 3 etc. and n=1, 2, 3 
etc, According to the law of equivalent proportions, when A and B 
combine with one another their weight-ratio is also ma: nb. Hence, 
the law of reciprocal proportions and the law of equivalent 
proportions are different forms of the same law. 


6.8. Equivalent weight of an element may vary. Although 
each element possesses one atomic weight and one molecular 
weight, most elements possess more than one equivalent weight. 
This phenomenon arises due to the fact that the same elements 
often combine in different proportions to form several different 
compounds. The equivalent weights of such elements will obviously 
have different values. But in all such cases, the various equivalent 
weights of the same element are in proportion of small whole 
numbers. For example, iron reacts with oxygen to form either 
ferrous oxide, FeO or ferric oxide, Fe,O,. Now, in ferrous oxide, 
27:925 parts by weight of iron combine with 8 parts by weight of 
oxygen. Again, in ferric oxide 18'616 parts by weight of iron 
combine with 8 parts by weight of oxygen. Hence, iron has two 
equivalent weights 27:925 and 18616. Phosphorus may react with 
chlorine to give either phosphorus trichloride, PCl, or phosphorus 
pentachloride, PCl,. The equivalent weight of chlorine is 35:46. 
In PCl, 3102/3—10'34 parts by weiht of phosphorus combine 
with 35°46 parts by weight of chlorine and in PCl, 31:02/5—6:20 
parts by weight of phosphorus combine with 35:46 parts by weight 
of chlorine. Therefore, phosphorus has two equivalent weights, 
10°34 and 6°20. 


In the following table are given examples of some elements 
whose equivalent weights vary. 
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Table 6*1 
Compound Weight-ratio Equivalent weight of 

Cuprous oxide Cu;O Cu:0-635:8 Cu-635 
Cuptic oxide, CuO Cu:023775:8 Cu-3175 
Carbon monoxide, CO C:0=6:8 C=6:00 
Carbon dioxide, COs C:0=3:8 C=3:00 
Stannous chloride, SnCls $n: Cl=59°35 : 35:5 Sn=59°35 
Stannic chloride, SnCl, Sn : C1- 29:675 : 35:5 Sn = 29:675 


It will be shown later that the equivalent weights of an element 
are related to its valencies. Since the valency of many elements 
varies, their equivalent weights vary. 


6.4. The equivalent weight ofa radical. The equivalent 
weight ofa radical may be defined as the number of parts by 
weight of it which will combine with 8°00 parts by weight of 
oxygen (or 1°008 parts by weight of hydrogen or 35°46 parts by 
weight of chlorine or its equivalent), 

Illustrations. (i) In sulphuric acid, H, SO,, 48 parts by 
weight of sulphate radical SO,-- combine with 1:008 parts by 
weight of hydrogen. Therefore, the equivalent weight of sulphate 
radical is 48. 

(ii) In ammonium chloride, NH,CI, 18 parts by weight of 
ammonium radical, NH,* combine with 35:46 parts by weight of 
chlorine, Hence, the equivalent weight of ammonium radical, 
NH,*, is 18. 

(iii) In sodium carbonate, Na4CO,, 46 parts by weight of 
sodium combine with 60 parts by weight of the carbonate radical, 
CO,--. Or, 23 parts by weight of sodium combine with 30 parts 
by weight of the carbonate radical. Since the equivalent weight 
of sodium is 23, the equivalent weight of the carbonate radical 
becomes 30. 


6.5. Equivalent weight of a compound. The conception of 
equivalent weights has been extended also to compounds, 

The equivalent weight of a compound is the weight of the 
compound which will react without residue with 1*008 parts by 
weight of hydrogen or 8:00 parts by weight of oxygen (i.e., one 
equivalent weight of hydrogen or oxygen) or in general with one 
equivalent weight of any substance. 
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Let us consider the following examples : 
(i H, + CuO = H,O + Cu 
2:016 79:57 
When hydrogen is passed over strongly heated cupric oxide, 
* 2-016 grams of hydrogen reduce 79:57 grams of cupric oxide or 
1*008 grams of hydrogen reduce 3978 grams of cupric oxide, CuO. 
Hence, the equivalent weight of cupric oxide is 39°78. 


(ii) Mercuric sulphide reacts with oxygen according to the 

following equation : 
HgS--O,—Hg- SO, 
232:67 32 

In this reaction, 232:67 parts by weight of mercuric sulphide 
combine with 32 parts by weight of oxygen. Or, 8 parts by weight 
of oxygen combine with 58:17 parts by weight of mercuric sulphide. 
Therefore, the equivalent weight of mercuric sulphide is 58:17. 

(iii) Mg+H,SO,=MgSO,+H, 

24:32 «98 

24'32 parts by weight of magnesium react with 98 parts by 
weight of sulphuric acid or 49 parts by weight of. sulphuric acid 
react with one equivalent weight of magnesium, ie., 12:16 parts 
,by weight. Hence, the equivalent weight of sulphuric acid is 49. 

The equivalent weight of a compound can be calculated by 
adding the equivalent weights of its constituent elements or 


radicals. The calculation is shown in the examples given in 
table 6:2. 


Table 6:2 
———————————— 
| Equivalent weights Equivalent weight 

Compound | of the constituents of the compound 
: Magnesium chloride, | 

MgCls Mz -12:16, C1—35:46 47-62 
Calcium oxide, CaO Ca=20, O-8 28 
Sodium hydride, NaH Na=23, H « 1:008 24'008 
Silver nitrate, AgNOs Ag= 107-88, NOs" =62 169°88 
Potassium chlorate, 

KCIOs K —39:096, ClOs- — 83:46 122:556 
Magnesium sulphate, 

8SO4 Mg-12:16, SO.-- —48 60°16 


Uer cmo Dea SNE SA ee Serene NVI Ce Se 


6.6. The relation among atomic weight, equivalent weight, 
and valency. The atomic weight, equivalent weight and valency 
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of an element are related ina simple manner. The atomic weight 
of an element equals its equivalent weight multiplied by its 
valency : 
Atomic weight=equivalent weight x valency. 
Proof. Let us suppose that the atomic weight of an element—x 
the equivalet weight of the element=y 
and the valency of the element=n 
Then by the definition of valency, 
n atoms of hydrogen combine with 1 atom of the element. Hence, 
Ax1:008 parts by weight of hydrogen combine with lxx parts 
by weight of the element. Or, 1'008 parts by weight of hydrogen 


combine with 7 parts by weight of the element. Hence, by 
definition of the equivalent weight, we get, the equivalent weight 
of the element-7 or, y= or, x=yxn 

i.e., atomic weight= equivalent weight x valency. 


Alternative proof. Let us suppose that 

atomic weight of the element, M=x 

equivalent weight of the element, M=y 

and its velency=n 

Hence, the formula of its oxide is M,O, 

.. Molecular weight of the oxide=2 x x--nx16 

<. x16 grams of oxygen combine with 2x grams of the 
element. 


8 grams of oxygen combine with E grams of the element. 


By definition of equivalent weight, 
x 1 Ys 
Vici Be yxn 
Hence, atomic weight equivalent weight x valency. 
Illustrations. (i) 12:16 parts by weight of magnesium replace 
1:008 parts by weight of hydrogen from hydrochloric acid. Hence, 
equivalent weight of Mg-—12:16. Again, one atom of magnesium 
combines with one atom of oxygen to form magnesium oxide, MgO. 
One atom of oxygen combines with two atoms of hydrogen. Hence, 
the valency of magnesium is 2 
Again, atomic weight of magnesium is 24:32 
; 2432_ atomic weight 
l f mam e E MUERE... 
Aene pE agnor 2 12'16 equivalent weight 
or, atomic weight of magnesium its equivalent weight X its valency 
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(ii) 9 parts by weight of aluminium replace 1:008 parts by 
weight of hydrogen from hydrochloric acid, HCl 

Hence, the equivalent weight of A1—9 

atomic weight of A1—27 

and the valency of Al=3 (in AICI,, valency of Al=3) 

27=9x3 

ie., atomic weight of aluminium=its equivalent weight x its 
valency. 

The chemical reactions and equivalent weights. The 
equivalent weight of an element or a compound depends on the 
nature of the reaction it undergoes. This will be clear if we analyse 
the following examples : 


(i) Fe + 2HCl = FeCl, + H; 
55:85 2x1'008 
(i) 2Fe ate eyes = 2FeCl, 
2x 55°85 3x2x 35:46 


In the first reaction, the equivalent weight of iron is 55:85/2 
=27:925. In the second reaction, the equivalent weight of iron is 
2x55:85/3x2 or, 18:616. 

If we calculate the equivalent weights of the reactants and ` 
products in the above two equations, we find that the number of 
gram-equivalent of the reactants and products is the same in each of 
the above reactions. For example, 


(i) Fe T 2HCI a FeCl, + H, 
2x 27°927 gram 2x 36°46 gram 2x 63:387 gram 2x 1'008 gram 
2 gm.-equiv. 2gm.-equiv. 2gm-equiv. 2gm.-equiv. 
(ii)  2Fe ES 3Cl, = 2FeClF 
6x18:616 gram 6x 35:46 gram 6x 54:076 gram 
6 gm.-equiv. 6gm.-equiv. 6 gm.-equiv. 


From the reaction (i) we find that 2 gram-equivalents of iron 
combine with 2 gram-equivalents of hydrochloric acid to form 2 
gram-equivalents of ferrous chloride and 2 gram-equivalents of 
hydrogen. Hence, in this reaction the number of gram-equivalents 
of the reactants and products is the same. Again, in the reaction (ii) 
6 gram-equivalents of iron react with 6 gram-equivalents of chlorine 
to form 6 gram-equivalents of ferric chloride. In this case also the 
number of gram-equivalents of the reactants and products are 
equal. We arrive at the same conclusion if we analyse the following 
reactions : 


NaOH + HCl = NaCl + H,O 
40 gram 36°47 gram 58°45 gram 18 gram . 
1 gram-equiv, lgram-equiv. ^ 1gram-equiv. 1 gram-equiv. 
K,SO, + BaCl, =  2KCl + aSO, l 
174:2 gram 208-36 gram 74:5 gram 233:36 gram |) 


2 gram-equiv. 2 gram-equiv. 2gram-equiv. 2 gram-equiv. 
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Ca(OH), "b 2HC1 = CaCl; + 2H,0 
74:01 gram 72°94 gram 111 gram 36 gram 
2 gram-equiv. 2gram-equiv. 2 gram-equiv. 2 gram-equiv. 

Hence, in all chemical reactions, the numbers of gram-equivalents 
of the reactants and products are equal. Therefore, if the equivalent 
weight of any reactant or product in a chemical reaction is 
known, the equivalent weights of other substances participating in 
that reaction can be found out. For example, 

CuO + H, - Cu + 4H,0 

79:57 gram 2x1:008 gram 63:57 gram 18 gram 

2gram-equiv.  2gram-equiv. 2 gram-equiv. 2gram-equiv. 

2 gram-equivalents=79°57 grams of CuO 
1 gram-equivalent=2> 7-39-78 grams of CuO 
The equivalent weight of CuO —39 78. 

6.7. Experimental determination of equivalent weights» 
Generally, equivalent weight of an element can be determined by 
two methods—(1) Synthesisand (2) Analysis. 

(1) Synthetic method. In this method, the element whose 
equivalent weight is to be determined is allowed to combine directly 
with oxygen or hydrogen or chlorine or their equivalents. For 
example, hydrogen is burnt in oxygen to form water, or copper in 
oxygen to form copper oxide in order to determine the ratio H : O 
or Cu: O. 

(2) Analytical method. In this method, a compound of the 
element is analysed and from the data of analysis obtained, the 
equivalent weight of the element is found out. For example, cupric 
oxide, CuO, can be reduced by hydrogen to the metallic copper and 
then the proportion of the metal in the oxide can be determined. 
From these data, the equivalent weight of copper can be calculated. 


Determination of the equivalent weight of non-metals.8 


Palladium 


Phosphorus 
pentoxide 


Fig. 6.1 
(i) Equivalent weight of hydrogen. Synthesis of hydrides. 
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The exact determination of the equivalent weight of hydrogen has 
been made by burning known weight of hydrogen in weighed 
quantities of oxygen. The procedure described below was first 
„adopted by Morley in 1895. 

The pure and dry hydrogen was obtained by absorbing it in 
‘palladium in Morley’s palladium-tube (Fig. 6:1) and heating the 
palladium strongly. The tube was weighed before and after the 
hydrogen had been expelled. Oxygen required for combustion 
was drawn from large glass globes which was weighed before and 
after the experiment. The gases were then led in sufficient 
;quantities (so as to produce about 34 grams of water) into the 
combustion vessel V through the tubes T, T. The vessel V is 
provided with two jets J, J 


Phosphorus and a pair of wires S, S for 
pentoxide a spark to ignite the gas. 
Hydrogen Oxygen The vessel had been previ- 
M i V ously evacuatedand weighed. 


Hydrogen and oxygen were 
then burnt at the platinum 
jets to produce steam. Du- 
ring burning, the vessel 
was immersed in cold water. 
The water collecting in the 
vessel was then frozen by 
dipping the lower part into 
a freezing mixture. The un- 
IT reacted gases were pumped 
Jets at which Out of the vessel through 

H2 & 02 burn the tube T, Tand analysed. 
The tubes T, T were packed 

with phosphorus pentoxide 

in order to prevent the 

escape of water vapour on 

exhaustion. The weights of 

a unreacted hydrogen and 
Fig. 6.2 oxygen were then found out. 

These weights were then subtracted from the weights of the two 
.gases supplied from the palladium tube and the glass globe so that 
actual weights of hydrogen and oxygen burnt were obtained. After 
pumping the residual gases out of the vessel, the vessel was weighed, 


The increase in weight of the vessel gave the weight of water 
produced. 


Calculation 


_,, Let (i) weight of hydrogen passed into the apparatus=W, grams, 
(ii) weight of oxygen passed into the apparatus=W, grams. 
(iii) weight of unreacted hydrogen=W, grams. (iv) weight of 
‘unreacted oxygen=W, grams. (v) weight of water produced=W, 
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grams. weight of hydrogen burnt=(W,—W,) grams weight of | 
oxygen burnt —(W, — W,) grams. 


Therefore, (W, — W,) grams of oxygen reacted with (W;— Wy) 
grams of hydrogen. 9 


h (W: —Ws) 


8 grams of oxygen reacted wit 
E “i (W.-W) 


x8 grams of. 
hydrogen, 


1 W 


Hence, the equivalent weight of hydrogen=1— Ws x8 
W.-W, 


The value of the equivalent weight of hydrogen found by Morley: 
was 1:0076. 


(ii Equivalent weight of chlorine. Synthesis of hydrides. 
The equivalent weight of chlorine can be determined accurately 
by burning known weights of hydrogen in weighed quantities of 
chlorine and weighing hydrogen chloride produced : 

H, -Clg —2HCI 

This method was first described by Edgar in 1908. Chlorine 
was prepared by the electrolysis of fused silver chloride. It was.' 
then condensed to liquid and weighed in the liquid state. The 
pure and dry hydrogen was obtained by absorbing it in palladium 
in palladium-tube and heating the palladium strongly. The tube 
was weighed before and after the hydrogen had been expelled. 
The hydrogen and chlorine were led into a quartz bulb which was' 
previously evacuated and weighed. The gases were ignited into ' 
the bulb by an electric spark. The hydrogen chloride thus pro- 
duced was then condensed to a liquid in a nickel-plated steel bomb 
by means of liquid air and weighed. If W, grams of chlorine are 
found to combine with W, grams of hydrogen, then the equivalent 
weight of chlorine is given by v x 1:008. 

B Li 

(iii) Equivalent weight of carbon. By synthesis and analysis: 
of the oxide of carbon. The equivalent weight of carbon can be 
determined by burning a weighed quantity of carbon in pure and 
dry oxygen. The carbon dioxide formed is then weighed. 

C+0,=CO,; CO 4-CuO- CO, --Cu 

The apparatus depicted in the figure 6:3 is set up. A porcelain 
boat (A) is cleaned and dried. About 1 gram of freshly ignited 
sugar charcoalis placed into it and weighed. The boat with the 
charcoal is placed into a hard-glass tube together with a layer of” 
freshly ignited copper oxide (B). One end of the hard-glass tube: 
is attached to a U-tube (C) containing calcium caloride whilst 
the other end is connected to potash bulbs containing strong 
solution of potassium hydroxide. Theexit from the potash bulbs 
(D) is attached to a calcium-chloride tube (E) to prevent loss. 
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of moisture from the solution of potassium hydroxide. Before 
experiment the potash bulbs are weighed full of oxygen because 
after the experiment it will be filled with this gas. A slow stream 
of dry and pure oxygen is then passed through the glass tube 
‘and the boat and the layer of cupric oxide are strongly heated 
with Bunsen burners. The charcoal burns in oxygen to carbon 


Fig. 6.3 


dioxide but a small quantity of carbon monoxide is simultaneously 
produced. Carbon monoxide is oxidised by red-hot cupric oxide 
to carbon dioxide. The carbon dioxide passes into the potash 
bulbs where it is absorbed by alkali. After the charcoal has been 
completely burnt the burners are turned out but oxygen is passed 
through the tube for sometime in order to sweep all the carbon 
dioxide out of the hard-glass tube into the potash bulbs. The boat 
and potash bulbs are reweighed in order to find the weight of carbon 
that has been burnt and the weight of the resulting carbon dioxide. 


Calculation. Let us suppose that 
(i) Weight of boat containing charcoal before experiment= 
^W, grams. 


(ii) Weight of boat after experiment W, grams. 
~. Weight of charcoal burnt —(W , — W;) grams. 
(iii) Weight of potash bulbs before experiment W, grams. 
(iv) Weight of potash bulbs after experiment — W, grams. 
Weight of carbon dioxide formed —(W; — W,) grams. 
Hence, the weight of oxygen combining with charcoal 
a. AM PME — W,)] grams. 
refore, Iz zr - i 
e with WV. a wh Dai Ed ELA pronun econ cers 
s. 8 parts by weight of oxygen combine with 
WOW Nw parts by weight of carbon. 
Hence, the equivalent weight of carbon is (V,—Wx8 
(W4—W;)-(W; -W;) 


CHEMICAL EQUIVALENTS 191 


(iv) Determination of equivalent weight of oxygen. When 
pure and dry hydrogen is passed over cupric oxide, it reduces cupric 
oxide to copper and forming water : 

CuO + H, = Cu + H,O 

Knowing the decrease in weight of cupric oxide and weight of 
water produced it is possible to determine the equivalent weight of 
oxygen. 

Procedure. A small quantity of pure and dry cupric oxide is 
taken in a hard-glass tube (B) and its weight is determined. | The 
purified and dried hydrogen is passed through a bulb-tube containing 
anhydrous calcium chloride and then into the tube(B). The 


Hydrogen 


Fig. 64 


tube (B) is connected to a weighed U-tube (C) containing fused 
calcium chloride. The tube (B) is heated ; hydrogen combines with 
cupric oxide forming water which passes off in the form of vapour 
and is absorbed by calcium chloride in the U-tube (C). The whole 
apparatus is now cooled in a current of hydrogen and the tube (B) 
and the U-tube (C) are weighed accurately. 


Caleulation. Let us suppose that 
the weight of the tube (B)+ CuO before reaction=a grams 
the weight of the tube (B)--CuO 4-Cu after reaction grams 
the weight of calcium chloride tube (C) before the experiment 
=c grams 
the weight of calcium chloride tube (C) after the experiment 
=d grams. 
Hence, the weight of oxygen which has combined 
with hydrogen=(a — b) grams. 
The weight of water formed —(d — c) grams 
Therefore, (a — b) grams of oxygen are present in (d —c) grams of 
water; hence the weight of hydrogen reacted is ((d —c)— (a — b) 
grams, 
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Now ((d — c)— (a — b): grams of hydrogen react with (a—b) grams. 
of oxygen. i 
Hence, the equivalent weight of oxygen 
_ (a — b) x 1:008 


i(d — c) - (a — £) 

Determination of equivalent weights of metals. (i) Equiva- 
lent weight of zinc by displacement of hydrogen. The equivalent 
weight of zinc is determined by allowing a weighed quantity of zinc 
to react with excess of moderately concentrated hydrochloric acid 
and measuring the volume of hydrogen liberated. The apparatus 
employed in the determination is the Ostwald's gas buret (Fig. 65). 

The apparatus consists of two glass tubes X and Y, each of 
capacity about 200 c.c. The tubes are connected together by means 
ofarubber tubing and are mounted on a wooden stand. The tube 
X is provided with a side tube Z which can be closed by a rubber 
tubing anda clip. The tube Y is graduated whilst the tube X is not. 


Fig. 6.5 


graduated and is open. The conical flask M is connected to the tube 
Y. The tubes Xand Y are filled with water upto the zero gradua- 
tion mark in Y at the start of the experiment and the water levels 
in X and Y must be made equal. A piece of zinc is placed in the 
conical flask M. | A small test tube filled with moderately strong hy- 
drochloric acid is lowered gently and carefully into the conical flask. 
The conical flask is then connected to the tube Y by means of a glass. 
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tube and a rubber tubing as shown in the figure. Ifthe water levels 
in X and Y are not equal at this time, some water is run out of the 
side tube Z until the levels become equal. The level of water 
in Y is noted. The conical flask is then shaken gently and the test 
tube falis over when the acid comes in contact with the zinc granule 
and the reaction starts. Hydrogen evolved passes into the tube Y, 
when water level in Y is lowered and the level in X is raised. When 
the reaction is complete, the water in Y and X is adjusted to the 
same level by running water out of the side tube Z. The level of 
water in Y is noted. The difference between the initial and final 
readings of the water level in Y givesthe volume of hydrogen libera- 
ted at the temperature ofthe room. The barometric pressure and 
room temperature are recorded. 


Calculation. The calculation is based upon the fact that 22:4 
litres of hydrogen at N.T.P. weigh 2 grams. Or, 1 c.c. of hydrogen at 
N. T. P. weighs 0:00009 gram. Hence, the volume of hydrogen 
measured must be reduced to N. T. P. Let us assume that 


(i) the weight of zinc =W grams. 
(ii) volume of hydrogen collected =V, c.c. 
(iii) temperature of water =tC, 
(iv) barometric pressure =P mm. of Hg. 
(v) aqueous tension at t°C =f mm. 


Now, barometric ^ pressure— pressure of hydrogen+aqueous 
tension at 1°C. 
P=pressure of hydrogen+f 
Or, pressure of hydrogen=(P—/) mm. of Hg. 
Let V, c.c. be the volume of hydrogen at N.T.P. Then, 
760x V, (P—f)XV, (P—f)x Vi x 273 


—Ó = G+) or; VWS CeCe 


760 x (273+ r) 
The weight of V, c.c. of hydrogen at N.T.P.=V, x 0°00009 


_(P-/)x Vi 273 , 9, ii 
— 760 x Qr) x 0:00009 grams 


Equivalent weight of zinc= 


W x 1°008 
V a X 0*00009 
_ Wx1008x760x(273+t) 
~ (P-/)x V, X 273 x 000009 
N. B. (i) Since pure zinc does not react with acid a few drops 
of copper sulphate solution are added to the solution. A small 
amount of zinc is lost due to the following reaction : 
Zn+CuSO,=ZnSO,+Cu 
Since very small quantity of copper sulphate is added the loss of 
zinc due to the above reaction is so small that it does not introduce 
any appreciable error in the equivalent weight of zinc. 


13 
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(ii) A small amount of zinc must be taken so that the hydrogen 
evolved is conveniently collected in the graduated tube, The weight 
of zinc taken in this case should not exceed 0*1 gram. 

(iii) Excess of acid must be taken so that zinc completely 
dissolves in acid. 

This method can also be used to determine the equivalent weight 
of magnesium. by dissolving it in dilute sulphuric acid or of alumi- 
nium by dissolving it in caustic soda. 

Mg+H,SO,=MgS0, +H; ; 2A1--2NaOH4-2H,0 —2NaAIO; + 3Hs 


the weight of the metal from the weight of its oxide. The parts 
by weight of the metal combining with 8 parts by weight of oxygen 
gives the equivalent weight of metal. 
: ` Weight of the metal x 8 
tof th tales lo Vr n 
Equivalent weigh of the metal— Weight of combined T TY 


Equivalent weight of Ed. cabe by the synthesis of magne- 
sium oxide. A porcelain crucible and its lid are cleaned, dried and 
weighed. The processes of drying and weighing are repeated tilla 
constant weight is obtained. Thena piece of 
cleaned magnesium ribbon is placed in the 
crucible which is then weighed again with 
the lid ; the crucible is then placed on a clay- 
pipe triangle with its lid put slightly on one 
side inorder to admit air into the crucible. 
The crucible is now heated in the Bunsen 
flame, when magnesium is converted to 
oxide. When the conversion is complete, the 
Fig. 6.6 agus is ey? in a.desiccator and weighed. 
k The process o eating and weighing i - 
ted till a constant weight is obtained. $ Em 
Caleulation. Let us suppose that 
Weight of empty crucible+lid=W, grams. 
Weight of crucible- lid 4- magnesium — W, grams. 
Weight of crucible+lid - magnesium oxide— W, grams. 
Weight of magnesium —(W, —W,) grams. 3 
and weight of oxygen combined with the element-(W, — W;) 
grams, 
Hence, (Wa —Ws) grams of oxygen combine with (W —W,) 
grams of magnesium. ^ 
e 3 x (W,—W,) x8 
8 grams of oxygen combine with (W.—W,)x8 
(Ws - We) 


gram of 


magnesium. 
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Therefore, the equivalent weight of Me= Wa- W8, 
ois: 


This method of determining the equivalent weight of magnesium 
is unsatisfactory due to the following reasons : 

(i) The conversion to oxide is liable to be incomplete, 

(ii) A portion of magnesium oxide may escape to the atmosphere. 
(iii) A small amount of magnesium nitride Mg,N, may be 
formed. 

Equivalent weight of copper by synthesis of oxide. A porcelain 
crucible and its lid are taken and its weight is determined. Then a 
piece of pure copper wire is taken into the crucible and the weight 
of the crucible together with the copper wire is determined. Conc. 
nitric acid is added drop by drop till the metal dissolves completely. 
The solution thus obtained is evaporated to dryness on a water-bath 
when agreen residue of copper nitrate is left into the crucible, 
Care should be taken to see that none of copper nitrate is lost by 
spitting during evaporation, The crucible with the green residue 
is now placed on a clay-pipe triangle and strongly heated, when 
copper nitrate is converted into black copper oxide. When the 
conversion is complete, the crucible and the lid are allowed to cool 
in a desiccator and weighed, The process of heating and cooling is 
repeated till the final weight is constant. 

3Cu+8HNO,=3Cu(NO,), +4H,O+2NO 
2Cu(NO,), =2Cu0+4NO,+0, 
Calculation. Let us suppose that 
Weight of the crucible+lid=W, grams. 
Weight of the crucible+-lid+copper wire=W, grams. 
Weight of the crucible +-lid +copper oxide=W, grams. 
Weight of copper reacted =(W, — W) grams. 

and the weight of oxygen combined with copper=(W,—Ws) 
grams. 

Therefore, (W, —W,) grams of oxygen combine with (W,—W,) 
grams of copper. 

: „n (Wa - Wy) X8 

8 grams of oxygen combine with (Ws = Wi) X8 gram of Cu 

: ie W.-W) 5, 


Hence, the equivalent weight of copper is CR 


The equivalent weight of tin or zinc can be determined by this 


process. 
Equivalent weight of iron, copper. etc., by the analysis of 


their oxides. The equivalent weights of copper, iron, etc., can be 
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determined by heating a weighed quantity of the oxides of the metals 
ina stream of hydrogen or purified coal gas when the oxide is 
reduced to the metal. The metal formed is weighed. 


Calculation. Let us suppose that 


(i) Weight of metal oxide taken=W, grams. 
(ii) Weight of metal formed=W, grams. 
Weight of oxygen combining with the metal=(W, —W;) 
gram. 
Hence, (W: — W 5) grams ofoxygen combine with W, grams of 
metal. 


; ; Wa x8 
8 grams of oxygen combine with W.-W 


) grams of the metal. 
2 


Y 7 W,x8 
Therefore, the equivalent wei ht of metal- =- ry 
2 E (W,—Wi) 


The equivalent weight of silver by synthesis of ehloride. A 
weighed quantity of pure silver is dissolved into nitric acid. The 
solution of silver nitrate thus obtained should be slightly acidic. 
The solution is heated and very pure hydrochloric acid is then 
added drop by drop into the solution till the precipitation is 
complete. It is then filtered through a tared filter-paper ; the pre- 
cipitates on the filter paper are washed first with water containing 
little nitric acid and finally with distilled water till the removal of 
acid is complete. The precipitates are dried in air-oven at 130 C. 
Tt is then cooled in a desiccator and weighed. The process of 
drying, cooling and weighing is repeated till a constant weight is 


obtained. 
Caleulation. Let us assume that 


weight of silver taken=W, grams. 
weight of silver chloride formed — W , grams. 
. weight of chlorine combining with silver=(W, — W;) grams. 
Hence, (Ws — W1) grams of chlorine combine with W, grams of 
silver. 

3 r sn Wi X 35°46 

35:46 grams of chlorine combine with —+ 
(W: -W;) 


grams of 


silver. 
W, x 35°46 
(W.-W) 
Equivalent weight of sodium and potassium by analysis of 
halides. A known weight of potassium chloride or sodium chloride 
is dissolved into distilled water containing little nitric acid. Excess 
of silver nitrate solution is added to the solution when curdy white 
precipitates of silver chloride are formed. The precipitates are 


Therefore, the equivalent weight of silver is 
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filtered, washed with distilled water and dried in air-oven. It is 
cooled in a desiccator and weighed. 


NaCI--AgNO, =AgCl+NaNO, 


Calculation. Let 

(i) weight of sodium chloride=W, grams. 

(ii) weight of silver chloride precipitated=W, grams, 

Now, it is known that 143:34—(107:88 4-35:46) grams of silver 
chloride contain 35:46 grams of chlorine. 


` i 34:35:46 X Ws 
W, grams of silver chloride contain —, 4334 — 


Hence, A grams of chlorine has been derived from W, 


grams of sodium chloride. 


gram of chlorine. 


A 7 Quo 35:46 xX We 
Therefore, the weight of sodium combining with C4v34 grams 


35:46 x Ws 
14554 2) grams, 


Hence, the equivalent weight of sodium is 


(w, _ 35:46 x Ws) x 3546 


of chlorine is (w: - 


~ 143-34 — (143:34W, — 35-46W,) 
3546 x W; DEVI RS NU EQUES 
14334 


The equivalent weight of the light metals whose chlorides are 
soluble in water can be determined by this method. 


Equivalent weight of metals by interchange of radicals. 
The equivalent weight ofa metal can be deduced by comparing 
the weights of two of its salts. Thus, if a known weight of a salt 
MR, is converted into another salt MR, whose weight can be 
experimentally determined, then the equivalent weight of the metal 
M can be found out, provided the equivalents of the radicals R, and 
R, are known. The method is explained by describing the 
procedure adopted for determining the equivalent weight of 
barium. 

Aknown amount of barium chloride is dissolved into distilled 
water containing little HCl. Then excess of sulphuric acid is 
added to it when all the barium is precipitated as barium sulphate. 
The reaction that takes place is 


BaCl, + H,SO,=BaSO,+2HCl 
The precipitate is filtered, washed with water, dried and finally 
weighed. 
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Calculation. Let us assume that 
weight of barium chloride taken=W, grams. 
weight of barium sulphate precipitated — W, grams. 
the equivalent weight of chlorine-35:46 
the equivalent weight of sulphate—48 
Let the equivalent weight of barium be x 
Then, the equivalent weight of barium chloride=x +3546 
the equivalent weight of barium sulphate=x +48. 
Therefore, (x-+35°46) parts by weight of barium chloride give 
(x+48) parts by weight of barium sulphate. 


; E Sum Te 48 
Or, 1 part by weight of barium chloride give ruo parts by 


weight of barium sulphate. 

Again, from the experimental result we get 

W, parts by weight of barium chloride yield W, parts by 
weight of barium sulphate. 


Or, 1 part by weight of barium chloride yield Pe parts by weight 
of barium sulphate. : 


.ER48 OW, 
AFW, whence x can be found out. 

Determination of the equivalent won of a metal by 
displacement of one metal by another. This method is based 
upon the fact that a more “electropositive’’ metal displaces a less 
electropositive metal from its salt in solution. Thus, zinc displaces 
copper from copper sulphate; iron also displaces copper from 
copper sulphate solution. 

Zn+CuSO,=ZnSO,+Cu 
Fe+CuSO,=FeSO,+Cu 

Therefore, the equivalent weight of one metal can be determined 

grove the equivalent weight of the other is known. The method, 

owever, is not usually suitable for exact measurement because 
the precipitate of finely divided metal which is displaced is often 
too impure for the purpose. 

Equivalent weight of iron. Asolution of very pure copper 
sulphate is taken into a beaker and weighed quantity of clean and 
pure iron powder is added to the solution. Iron dissolves into the 
solution and red copper begins to precipitate at the bottom of 
the beaker. When all the iron powder has been dissolved, 
the Eres of red copper are filtered through a previously 
weighed filter paper. The precipitates are washed with distilled 
water until the wash-water is no longer coloured blue. Then it is 
washed with alcohol and dried in air-oven and weighed. 


Hence, 
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Calculation. Let 
(i) weight of iron powder dissolved=W , grams. 
(ii) weight of filter paper=W, grams. 
(iii) weight of filter paper 4- precipitate of copper— W, grams. 
The equivalent weight of copper is known to be 31:5 
weight of copper displaced —(W; — Wa) grams. 
Hence, (W, —W.) grams of copper are displaced by W, grams of 


iron. Or, 31°5 grams of copper are displaced by Ww. m "i grams of 
67 ws 


iron. 


Hence, the equivalent weight of irons a S915 =x (say) 
(Wa = Wa) 


From this expression we can arrive at a very important 


conclusion : 


equivalent weight of iron _ weight of iron dissolved 
’ equivalent weight of copper weight of copper deposited 
Thus, in general we can write 
equivalent weight of one metal, M, 
equivalent weight of another metal, Ma 

.. weight of metal M, dissolved 
= weight of metal M, deposited ` 

Thus, the weight of a metal deposited from the solution of its 


salt is proportional to the equivalent weight of the metal. 


Equivalent weight of metals by the application of the laws of 


electrolysis. This method 
is based on Faraday’s 
second law of electrolysis. 
The law states that if the 
same quantity of electricity 
is passed for the same time 
through a number of solu- 
tions of different electro- 
lytes, the weights of differ- 
ent substances deposited 
at the electrodes are pro- 
portional to their chemical 
equivalents. 

The principle can be 
illustrated by describing 
the method for the deter- 
mination of the equivalent 
weight of copper. 


x 
il 


Fig. 6.7 
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The cell A contains copper sulphate solution in which copper 
electrodes are dipped and the cell B contains silver nitrate solution 
in which silver electrodes are dipped. Before experiment the 
electrodes are carefully cleaned, dried and weighed. The two cells 
A and B are connected in series with an accumulator X and electric 
current is passed. After some time when sufficient quantity of 
copper and silver have been deposited on the cathode, the current is 
switched off. The cathodes from the cells A and B are withdrawn. 
They are washed first with distilled water and then alcohol, dried 
and weighed. 


Caleulation. Let 
(i) the weight of cathode in the cell A before electrolysis 
=W, grams. 
(ii) the weight of cathode in the cell A after electrolysis 
=W, grams. 
weight of copper deposited =(W, — W,) grams. 
(iii) the weight of cathode in the cell B before electrolysis 
=W, grams. 
(iy) the weight of cathode in the cell B after electrolysis 
=W, grams. 
weight of silver deposited=(W, — W,) grams. 
From Faraday's law 
weight of copper deposited _ equivalent weight of copper 
Weight of silver deposited equivalent weight of silver 
(W,—W,)_ equivalent weight of copper 
(W,—W,) equivalent weight of silver 
, w equivalent weight of copper (wa — x equivalent weight 
of silver. 


Hence, knowing the equivalent weight of silver, the equivalent 
weight of copper can be calculated. 


or, 


Equivalent weight from molecular weight and molecular 
constitution. The equivalent weight of an element can be 
calculated by knowing the molecular weight and molecular constitu- 
tion ofa compound The molecular weight of a gaseous compound 
can be determined by the method of relative density. The method 
can be described by determining the equivalent weight of nitrogen 
in ammonia. 

The relative density of ammonia was determined to be 8:516 and 
hence its molecular weight is 17-032. The molecular constitution of 
ammonia is known to be NH,. Hence, the weight of nitrogen 
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which combine with 3x 1°008 grams of hydrogen is 17:032 — 3:024 
—14:008 grams of nitrogen. Hence, 1'008 grams of hydrogen 
combine with 4:669 grams of nitrogen. Therefore, the equivalent 
weight of nitrogen is 4*669. 


6.8. Determination of atomie weight from equivalent weight. 
It has been shown that atomic wei t and equivalent weight of an 
element are simply related as : 

Atomic weight =equivalent weight x valency. 

This relation permits the determination of exact atomic weight of 
the element. The procedure adopted consists of the following steps : 

(i) Determination of equivalent weight. Equivalent weights 
can be accurately found out by chemical analysis. The various 
methods have been discussed above. 

(ii) Deduction of valency of the element. Approximate atomic 
weight of the element is determined. The valency is next deduced 
by dividing the approximate atomic weight by the equivalent weight 
and taking the nearest integer as the correct number, since valency is 
always a whole number. Approximate atomic weight is determined 
by one of the methods set out below : 


(a) From molecular weight and atomicity of gaseous element 
(Avogadro's method). This method has been described in 
Chapter IV. 

(b) Cannizzaro’s method. This method of determining the 
atomic weight of elements has been described in Chapter IV. 

(c) Dulong and Petit's method. This method of determining 
the approximate atomic weight is applicable to the solid elements. 
It is based on the law of Dulong and Petit which states that the 
product of the atomic weight of a solid element and its specific heat 
at room temperature is approximately equal to 6.4. Wecan express 
the law in algebraic form as follows : 

Specific heat x atomic weight =atomic heat —6*4 (approximately) 

The specific heat is defined as the amount of heat in calories 
required to raise the temperature of 1 gram of the substance by 1°C. 
Therefore, it can be measured easily with the aid of a calorimeter. 
The approximate atomic weight of a solid clement can then be 
easily calculated by dividing 6*4 by its specific heat. 

Limitations of Dulong-Petit’s law. This method of determining 
the approximate atomic weight is applicable to solid elements only. 
Moreover, the law fails in the case of carbon, silicon, boron and 
beryllium. The atomic heats of these elements are much less than 
64. The law only gives an idea of approximate atomic weights of the 
elements. But from this approximate atomic weight, exact atomic 
"weight can be obtained with the help of the following relationship : 


Atomic weight=valency x equivalent weight. 
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Isomorphism. Different substances of similar chemical character 
are able to crystallise inthe same crystalline form. Thus, potash 
alum, chrome alum, etc., have the same crystalline form. Phos- 
phates and arsenates of similar 
composition and containing the 
same number of water of cry- 
stallisation crystallise in the 
same crystalline form. Such 
substances which have the same 
crystalline structure and similar 
chemical composition are said 
to be isomorphous with one 
another. The phenomenon of 

Fig. 6.8: Isomorphous crystalsof occurrence of different subs- 
aluminium and chrome alum, tances of similar chemical com- 
position in the same crystalline form is known as isomorphism. 
Isomorphous crystals have the same geometric form, same number 
i faces and have equal angles of intersection between corresponding 
‘aces. , 

But the reverse is not always true, i.e., the substances having the 
similar crystalline structure may not be isomorphous. For example, 
the crystal of sodium chloride and that of diamond have the same 
erystalline form but they are not isomorphous with one another. 


— Criteria of Isomorphism. The following are the criteria of 
isomorphism : 

(i) Isomorphous substances have similar crystalline structure. 

(ii) They are frequently able to form mixed crystals. For 
example, when a solution containing chrome alum and potash alum 
is crystallised, the crystals will contain both alums. These crystals 
are called mixed crystals. Mixed crystals are, therefore, homo- 
geneous mixture of. two or more isomorphous substances in a single 
crystalline form. Hence, the name solid solution for them is more 
appropriate. 

(iii) Crystals of isomorphous substances are able to form over- 
growths. Whena crystal ofa substance is suspended in a slightly 
supersaturated solution ofan isomorphous substance, the crystal 
will grow in size., Forexample, whena purple crystal of chrome 
alum is suspended ina slightly supersaturated solution of potash 
alum, the potash alum will be deposited in chrome alum. Conse- 
quently, the crystal will grow in size, preserving its original 
geometricalform. In this process, potash alum has formed an over- 
growth on the chrome alum. 

(iv) Isomorphous substances have analogous chemical constitu- 
tion. If we examine carefully a series of isomorphous compounds, 
a parallelism of chemical structure in them becomes obvious. For 
example, K,SO, and Rb,SO, have thesame type of molecular 
structure. 
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Isomorphism is due to the fact that atoms or ions of approxi- 
mately equal size and with equal charges can substitute one another 
in the crystal lattice without affecting its stability. Thus the radii 
of chloride and bromide ion are quite close to one another 
(181A and 1°96A respectively), and have the same charge. Hence, 
the crystals of KCl and KBr are isomorphous with one another and 
they form mixed crystals. On the other hand, the radii of sodium 
ion and potassium ion are quite different (093A and 1:33A respec- 
tively) and hence sodium ion and potassium ions cannot substitute 
one another in crystals. Hence, sodium chloride and potassium 
chloride are not isomorphous and do not form mixed crystals, 
although they are chemically similar. 

A few examples of isomorphous substances are given below : 

(i) Zinc sulphate, ZnSO,, 7H,O a ferrous sulphate FeSO,, 

20. 

(ii) Potassium sulphate, K.SO, 
K,CrO,. 

(iii), Potash alum, K,SO,, Al(SO,), 24H,O and chrome 
alum, K,S0,, Crs(SOx)s> 24H,0. 

(iv) Sodium dihydrogen phosphate, NaH,PO,, H,O and 
sodium dihydrogen arsenate NaH, AsO,, H,O. 

From the formulas of the above substances, it is evident that 
each of the molecules of two -isomorphous substances contains 
equal* number of atoms and have the similar composition. The 
number of atoms of the two different elements in the two isomor- 
phous substances is the same and if one atom is replaced. by the 
other there is no change in the crystalline structure, For example, 
if chromium atom in potassium clromate crystal is replaced by 
sulphur atom, the crystalline form of potassium chromate crystals 
remains unaltered, and we will get potassium sulphate crystals. 

Mitscherlich studied a large number of isomorphous crystals 
and enunciated a law known as Mitscherlich's law of isomorphism. 
The law may be stated as : 

Equal number of atoms united in the same way form isomorphous 
crystals, The crystalline form of these crystals depends only on the 
number of atoms in their molecules and the way in which they are 
combined but is independent of their chemical properties. 

The law may be stated in another way : 

Substances which are isomorphous with each other (i.e., having 
similar crystalline form and chemical properties) can usually be 
represented by similar formulas. 

ers ii 
* In few cases it is found that although the two crystals are isomorphous and 
bave similar chemical composition, they contain different number of atoms, © g.» 
KeSO4 & (NHx)2S0«. 


and potassium chromate 
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Thus, zinc sulphate and ferrous sulphate are similar in crystal- 
line form and in chemical properties. They can be represented by 
formulas : 

ZnSO,, TH,O and FeSO,, 7H,0 
|. One formula can be changed into the other merely by writing 
Fe for Zn. Isomorphous phosphates and arsenates can be represen- 
ted by the similar formulas, 
NaH;PO,, H,O and NaH,AsO,, H,O 

This pair of isomorphous compounds contains the same number 
of atoms and P can replace As without changing its crystalline form 
and this replacement takes place atom for atom. This means that 
31 parts of phosphorus are replaced by 75 parts of arsenic on pass- 
ing from one compound to the other, 3! and 75 being the atomic 
weights of phosphorus and arsenic respectively. Thus, if two 
elements are interchangeable in a pair of isomorphous compounds 
and if the atomic weight of one of the two elements is known, we 
can calculate the atomic weight of the other. The method of 
calculation is illustrated below : 

Let us suppose that AR and BR are two isomorphous compounds, 
the atomic weight of A (say m) is known, that of B (say n) is to 
‘be determined. The percentage of R in both the compounds can be 
determined by chemical analysis. Let the percentage of R in AR 
and BR be x and y respectively, then 

In AR ; (100 — x) grams of A combine with x grams of R. 


In BR ; (100 —y) grams of B combine with y grams of R. 


or, Cones grams of B combine with x grams of R. 


Hence, 000-9 grams of B can replace (100 —x) grams of A 


from AR. Or, ooo atoms of B can replace 0m atoms of 


A from AR, where n and m are the atomic weights of B and A 
respectively. By the law of isomorphism, the number of atoms of B 
replacing the number of atoms of A must be equal. 


100—x _(100—y) xx 
m 


Hence, we get, 
yxn 


n_(100—9) Xx 
> m (100—x)xy 
Since, x, y and m are known, n the atomic weight of B can be 
calculated. 


. (b) Let us suppose that there are two different elements A and B 
in two isomorphous substances, and their atomic weights are 
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respectively a and b, Let us suppose further that x grams of A in 
one compound replace y grams of B from the other compound, 


Now, the number of gram-atoms in x grams of A= 


The number of gram-atoms in y grams of B-7 


According to Mitscherlich's law of isomorphism, 
A "tend. 
a b LESS ED 
replaced weight of A. atomic weight of A 
’ replaced weight of B ato.uic weight of B 
Hence, if the replaced weights of A and B are known and atomic 
weight of one element is known, then the atomic weight ofthe other 
element can be determined. 


Determination of valency of an element by Mitscherlich’s law 
of isomorphism. 


The valency of an element can be known exactly with the help of 
Mitscherlich’s law of isomorphism. The different elements in two 
or more isomorphous substances have the same valency. Hence if 
the valency of one element is known, that of the other element can 
be determined, For example, aluminium oxide, chromic oxide and 
ferric oxide are isomorphous. The formula of aluminium oxide 
is Al,O, and the valency of aluminium is 3. Hence the formula of 
chromic oxide is CrO, and the valency of chromium is 3. 
Similarly, the formula of ferric oxide is Fe,O, and the valency of 
iron in this compound is 3. 

Determination of atomie weights by chemical analysis (Stas. 
and Richard’s method). In this method, the reactants and products. 
are weighed accurately and the ratio of their weights is determined. 
Then the atomic weight of the element is determined by taking the 
atomic weight of oxygen to be 16. The method is explained with 
an example. 

(i) A known weight of KCIO, is completely decomposed into 
KCI and oxygen. Then the weight of KCI is accurately found out. 
The ratio of the weight of KCl and oxygen is next found out. Let 
us suppose that 


weight of KCl e 
weight of oxygen 
(ii) A known weight, of KCl is dissolved in water and them 
excess of AgNO,-solution is added to it, when AgCI is precipitated. 
The precipitate of AgCI is washed, dried and accurately weighed. 
weight of AgCl_ 


Let us suppose that weight of KCI y 
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(iii) A known weight of silver is completely dissolved in nitric 
acid when a solution of silver nitrate is obtained. Excess of KCI- 
solution is then added to the solution when silver is completely 
Bap plated in the form of silver chloride. The precipitate of AgCl 
is filtered, washed, dried and weighed. Then its weight is 
determined. Let us suppose that 

weight of silver chloride |, 
weight of silver ka 

Caleulation. The following data are obtained from the above 
experiment. 


p weight of KCl | an weight of AgCI - 
() Weight of, ~*~“) “weight of KCI ^ 
sn Weight of AgCl | 

SH) weightofAg 


Let the atomic weights of K, CI and Ag are respectively a, b 
and c, Taking the atomic weight of oxygen to be 16, we get 


(i) EL. [^ 1 gram-mole of KCIO, contain 1 gram-mole 
of KCI and 48 grams of oxygen ] 
(i) Hay Gi) Hoe 


Solving these three equations, a, b and c are found out. In this 
way, the atomic weights of K, Cl and Ag are determined by this 
method. The atomic weights of other elements are determined by 
this method in a similar way. The method gives accurate value of 
atomic weights of the elements. 


Problems 


Ex. 1. Calcium oxide contains 71°43 per cent of calcium. 
Calculate the equivalent weight of calcium. 

Solution. Percentage of oxygen in calcium oxide=28-57. 
Hence, 28:57 parts by weight of oxygen combine with 71°43 parts 
by weight of calcium. Therefore, 8 parts by weight of oxygen 


71:43 x8 _ 99 parts by weight of calcium, 


combine with 


., Equivalent weight of calcium=20. 
— Ex. 2. The oxide of a metal contains 28:57 per cent of oxygen 
and the fluoride of the same metal contains 48-72 per cent of fluorine. 
Calculate the equivalent weight of fluorine. 
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Solution. 28:57 parts by weight of oxygen combine with 71:43 
parts by weight of 71 metal. Hence, 8 parts by weight of oxygen 
7i'43x 


combine with 5557 =20 parts by weight of the metal. 

Therefore, the equivalent weight of the metal=20. 

Now, 51:28 parts by weight of the metal combine with 48:72 
parts by weight of fluorine. Hence, 1 oem: EA. metal, i.e., 

i i ith 48°72 x 20_ 

20 parts by weight of the metal combine with EIET T, 19 parts 
by weight of fluorine, 

Hence, the equivalent weight of fluorine- 19. 

Ex. 8. 3:06 grams of a metal when dissolved in an acid 
evolved 3:34 litres of hydrogen collected over water at 27°C and 


7267 mm pressure. Calculate the equivalent weight of the metal. 
Aqueous tension at 27 C267 mm. 


Solution. Pressure of dry hydrogen=726*7 — 26°7=700 mm 
Volume of hydrogen = 3-34 litres, 
Temperature at which it is collected 227--273— 300A. 
Let V litres be the volume at N,T.P. 

760x V_ 700 x 3:34 
Than, ans ag 
or, V=2°8 litres. 
The weight of 2:8 litres of hydrogen at N.T.P. 

=2'8 x0*09—0:252 grams. 
Therefore, 0:252 gram of hydrogen is displalced by 3°06 grams of 
the metal. 


1-008 grams of hydrogen are displaced by 206 x 1008 =12:2 
‘grams of metal. 

Hence, the equivalent weight of the metal is 12:2, 

Ex. 4. The equivalent weight of a metal is 12, What volume 
of hydrogen will be evolved at 27°C and 750 mm pressure when 
1 gram of the metal is dissolved in dil. hydrochloric acid ? 
Solution. Since 12 is the equivalent weight of the metal, we 
have : 

12 grams of the metal will displace | gram of hydrogen 

^, 1 gram of the metal will displace ;' gram of hydrogen 00833 
gram. 

At N.T.P., 000009 gram of hydrogen occupies 1 c.c, 


Or, 0:0833 gram of hydrogen occupies Opens 7915 ec. 
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Hence, the volume of hydrogen evolved at N.T.P.—925 c.c. 
Let V be the volume at 27°C and 750 mm pressure. 
Then we have 


750 x V_760 x 925 
300 273 


or, V=1029 cc. 

Ex. 5. 01458 gram of the chloride of a metal was quantitatively: 
converted into the oxide which weighed O'L gram. Calculate the: 
equivalent weight of the metal. 

Solution. Let x be the equivalent weight of the metal. Then 
(x--35'5) grams of the metal chloride will give (x+8) grams of the 
metal oxide, where 35:5 and 8 are the equivalent weights of chlorine: 
and oxygen respectively. Then we have ; 

x+35°5  0:1458 e, 

eer ol whence x=52. 
. Ex 6. The vapour density of the chloride of an element 
is 555 and the oxide of the element contains 71:43 per cent of the: 
element. Calculate the valency and the atomic weight of the 
element. What is the formula of the oxide and the chloride ? 

Solution. 28'57 grams of oxygen combine with 71:43 grams of 


the element. 


8 grams of oxygen combine with Sr 20 grams of the: 


element. 

Hence, the equivalent weight of the element is 20. 

Let the valency of the element be n. 

., Atomic weight of the element 20 x n 
M. he maleralai weight of the chloride=2 x vapour density 

Since the valency of the element is n, the molecular formula of 
the chloride is MCI, since chlorine is univalent. Hence, we get 

20 xn--35:5xnzlll 


ot, nelli us 


and atomic weight of the element —20 x 2=40. 

jn formula of the oxide is MO and that ofthe chloride is- 
* 

Ex. 7. 156 grams of a metallic oxide were heated in a 

stream of hydrogen until it was completely reduced and the 

resulting water Vapour was absorbed in previously weighed tube: 
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containing anhydrous calcium chloride, After the experiment, 
the increase in weight of the tube was found to be 0°36 gram. 
Calculate the chemical equivalent of the metal. 

Solution. Since the increase in weight of the tube is due to 

the absorption of water by calcium chloride, we have 
Weight of water formed=0°36 gram 
Now, 18 grams of water contain 16 grams of oxygen. 
.. Weight of oxygen combining with the metal - 160736 
—0'32 gram. 
Weight of metal in 1*56 grams of the oxide=1°24 grams. 
0°32 gram of oxygen combines with 1*24 grams of the metal. 
I24x8 4 
0:32 

Hence, the equivalent weight of the metal is 31. 

Ex.8. 0:4596 gram of a metal was placed in cepper sulphate 
Solution and the displaced copper, when dry, weighed 1:2132 
grams. If the equivalent weight of copper is 317, calculate that 
of the metal, v 

. Solution. 1:2132 grams of copper are displaced by 0°4596 gram 
of the metal. Hence, 31:7 grams of copper are displaced by 
Er 12. Therefore, 12 is the equivalent weight ofthe 
metal. 


Ex.9. 1'48 grams of a metal (M) displace from an acid 0:6691 
litre of dry hydrogen at 27°C and 740 mm pressure. The specific 
heat of the metal is 0°1146 cal/g. deg. Calculate the exact atomic 
me of the metal. Find the formula of the oxide and chloride of 
the metal. 


Solution- Let V litre be the volume of hydrogen at N. T. P. 
Then, 


8 grams of oxygen combine with 


740 x 0:6691 _ 760 x V 
300 EIS 
whence V —0:594 litre. 
Now, 1 litre of hydrogen weighs 0°09 gram at N.T.P. 
0:594 litre of hydrogen weighs 0°09 x 0*594—0:05346 gram. 
Hence, 0:05346 gram of hydrogen is displaced by 1'48 grams of 
metal. 
Myth ; L48x1:008 ,-. 
.. 1:008 grams of hydrogen are displaced by Soois: i =27:905 
grams of metal. 


14 
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Therefore, the equivalent weight of the metal is 27:905 


oe m 36:320 abes. 
Rough atomic weight of the metal= (114 675 9 


_ atomic weight _549 _ 1.9622, since valenc 
Now, valency = ce calet weight 27-9 1:96=2, since valency 
of an element is a whole number. 
Hence, the exact atomic weight of the metal=27°905 x 2=55'81. 


The formula of the oxide is MO and that of the chloride is MCl;. 


Ex. 10. On dissolution of 2 grams of a metal in sulphuric 
acid 2:927 grams of the metal sulphate were formed. If the specific 
heat. of the metal is 0031 cal/g. deg., calculate the valency of the 
metal and its exact atomic weight. 


Solution. Since in sulphuric acid, H,SO,, 96 grams of sulphate 
radical combine with 1:008x2—2:016 grams of hydrogen, the 
equivalent weight of sulphate radical is #,2=48. 

Weight of sulphate radical in metal sulphate=0'927 gram 

Ee 0:927 grams of sulphate radical combine with 2 grams of 
metal. 


2x48 _ 


.. 48 grams of sulphate radical combine with 0:957 1056 


grams of metal. 
Hence, the equivalent weight of the metal is 103:56 
Now, approximate atomic weight of the metal— T 1572092 
203:2 : 
L£5.-196—2 ('- 
Valency of the element 10356 1:906—2 ('. valency isa 
whole number. ) 
exact atomic weight of the metal— 103:56 x 2— 207-12. 
Ex. 11. An element has a sp. ht. of 0:03. The oxide of the 


element contains 10% oxygen. Calculate the exact atomic weight 
of the element. [J. E. E., 74] 


Solution. 10 parts by weight of oxygen combine with 90 parts 
by weight of the metal 


.”. 8 parts by weight of oxygen combine with ane =72 parts 


by weight of the metal 
Equivalent weight of metal=72 
Rough atomic weight of the metal= oan? 10 


CHEMICAL EQUIVALENTS 211 


Now, valency= peo —2:9—3, since valency of an 

element is a whole number 
Exact at. wt.=72 x 3=216. 

_ Ex. 12. 1-878 gram of a metal bromide MBr, when heated 
in a stream of hydrogen chloride gas is completely converted to the 
chloride MCI, which weighs 1:000 gram. The metal M has a 
specific heat of 0°14 cal/g. °C. Calculate the molecular weight of 
the metal bromide. [T- 1.1. "58. 

Let the equivalent weight of the metal be e 

The weight of MCl,—1 gram 

The weight of MBr,—1:878 gram 


e+35°5_ «1 5 M 
e+80 — 878 ae ia 

The equivalent weight of M—15:183 
The approximate atomic weight of m=S4 as 

The valency of Mei - 02-5 ['- valency is a whole 

number ] 

Exact atomic weight of M—15:183x 3—45:549 
The molecular formula of metal bromide is MBr, 
The molecular weight of metal bromide 

45:549 4- 3 x 80—285:549. 

Ex. 13. A sample of metal chloride weighing 0:22 gram required 
0:51 gram of silver nitrate to precipitate the chloride completely. 
"The specific heat of the metal is 0:057. Find out the molecular 
formula of the chloride if the symbol of the metal is M, 


(At, wt of Ag=108) [I 1: 75'76] 
weight of metal chloride _ Equivalent weight of metal chloride 
weight of silver nitrate Equivalent weight of silver nitrate 
Let the equivalent weight of the metal be e 
the equivalent weight of silver— 108 
92 NIS M eq. wt. of NO;=62 | 
e= 37°83 


The approximate at. wt. of the metal= oa 112:3 
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The valency of the metal= 1232975 ['. valency is & 


whole number ] 
s. The molecular formula of metal chloride is MCl;. 


Ex. 14. A hydrated sulphate of a metal contains 8'1% metal 
and 43:24 of sulphate (SO,7*) by weight. The specific heat of the 
metal is 0:242. Determine the formula of the sulphate of the metal. 

eae, Tey 

Let the symbol of the metal be M 

Percentage of the metal—8'1 

Percentage of the sulphate— 43:2 

Percentage of water of crystallisation=100— (8:12-43:2) 487 


Approximate atomic weight of the. metal — 00427 26:446 


NOW Weight ofM .. Equivalent weight of M 
> Weight of SO, Equivalent weight of SO, 


81 ae Egurvalen’ weg. of M [equivalent Seht 


432 
of SO,=48 ] 
Equivalent weight of M=9 
Valency of M= [ -+ valency is a whole number. | 


The exact atomic weight of M=9 x 3=27 
$1,432.487 5.4. 
- ge Ty ee n 18. 

s. The formula of the hydrated sulphate of the metal is 
M,(SO,),, 18 H,0. 

Ex. 15. When 2 grams of calcium carbonate are heated strongly 
1:12 gram of calcium oxide is formed. Calculate the equivalent 
weight of calcium. 

Let the equivalent weight of calcium be x 

the equivalent weight of oxygen=8 

1 
5 ate 16 _ 39 


M:80,:H,0— 


the equivalent weight of CO, 
Now weight of calcium oxide 
* weight of calcium carbonate 


t equivalent weight of calcium oxide 
-- equivalent weight of calcium carbonate: 


rt 
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112. x8 
2. x30 
Equivalent weight of calcium — 20. j 

Ex. 16, The formula of a metal oxide is M,O,. The ratio 


of the weights of the metal (M) and oxygen in the oxide is 1:125 : 1. 
Determine the atomic weight and the specific heat of the metal, 
weight of the metal 1:125 9 


weight of oxygen I 8 


Equivalent weight of oxygen=8. Hence, the equivalent weight 
of the metal is 9. Now, the formula of metal oxide is M,O,. 
Hence, the velency of the metal is 3. 


Atomic weight of the metal=9 x 3—27 
: 6:4 64 
Specific heat of the metal= edm mm 
Ex. 17. A metal chloride contains 24°7% chlorine and it is 
isomorphous with KCl. Determine the atomic weight of the metal. 
The chloride of the metal (M) is isomorphous with KCl. 
Hence, the molecular formula of the chloride is MCI. 
Now in MCI, the percentage of chlorine is 247 
the percentage of metale 100 — 24-7 —75:3 
Hence 24:7 gram of chlorine combine with 75:3 gram of the metal, 
h 75:3x35:55 
2477 
—108:2 gram of metal 


of, x:20 


Hence, 35:5 gram of chlorine combine wit 


Equivalent weight of M—108:2 
Now in KCl, the valency of K=1 
Hence in MCI, the valency of M=1 
Atomic weight of M —108'2 x 1—108:2, 
Ex. 18. Potassium selenate (containing 35:759, selenium) is 


isomorphous with potassium sulphate (K,SO,). If the atomic weight 
of sulphur is 32, calculate the atomic weight of selenium. 


[ Bombay Inter., 1953 ] 
The formula of potassium sulphate is K,SO, 
Hence, the formula of potassium selenate is K,SeO,. 
Let the atomic weight of selenium be a 
Mol. wt. of K,SeO,=2 x 39+-a+4 x 16=(142+a) 
Now (142+a) gram of K,SeO, contain a gram of selenium 
ax 100 


.. 100 gram of K,SeO, contain Fa 


gram of selenium. 
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142 +a 
ee =79 
-. Atomic weight of selenium is 79. 

Ex. 19. The oxides of A and B are isomorphous with one 
another. The atomic weight of A is 27 and the vapour density of 
its chloride is 66°75. If the oxide of B contains 30°06% oxygen, find 
the atomic weight of B. 

Let us suppose that the valency of A=n. 

The formula of its chloride is ACI,, 

The molecular weight of AC, —2 x vapour density 

=2 x 66°75=133'5 
133°5=27+nx35'5 <. n=3 
The formula of the oxide of A is A,O,- 

^. The formula of the oxide of B is B,O,. Hence, the valency 
of B is 3. 

Now, 30°06 gram of oxygen combine with (100— 30:06) —69*94 
gram of B. 


X100 3575 


69:94 x 8 1o, 
30:06 —18:608 gram of B. 


8 gram of oxygen combine with 


-. Equivalent weight of B— 18:608 
Atomic weight of B—18'608 x 3—55:824 


EXEROISES 


1. Explain the meaning of the term equivalent weight. Describe an 
experiment to determine the equivalent welght of hydrogen. 

2, Establish a relation between atomic weight, equivalent weight and 
valency of an element. How will you explain that the equivalent weight of an 
element may vary ? 

4. Describe experiments by which the equivalent weights of the fi 
elements might be determined : 2 vixi to ini 

(i) copper, (ii) silver, (iii) potassium, and (iv) magnesium, 

4. Describe in detail how an accurate determination of the equivalent 
weight of carbon may be carried out. Explain how the atomic weight of 
carbon may be derived when its equivalent weight is known. 

5. Suggest methods by which the equivalent weights of the following 
elements may be determined : 

(i) phosphorus, (ii) silicon, (iii) sulphur and (iv) bromine. 

6. State Dulong and Petits law and show how this law is used in 
determining the exact atomic weight of an element. 
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7. State Mitscherlich’s law of isomorphism. Show how the law may be 
used in determining the atomic weight of an element, 


8. State with illustrations the law of equivalent proportions, Show that 
the law of reciprocal proportions and the law of equivalent proportions are 
different forms of the same law. (J. E. B.,'79] 

9. Define: (a) equivalent weight and gram-equivalent weight, 
(b) equivalent weight of radical and (c) equivalent weight of compound. 

Show that an element may have more than one equivalent weight. 


10. What is the difference between equivalent weight and atomic weight of 
an element? Explain with examoles. Under what conditions "ey have the 
sam» value and under what conditions they have different values ? CH. S., '63] 


11. What is equivalent weight of an element ? Explain the relation between 
valency and equivalent weight, [ H. S., 80] 
“The equivalent weight of an element may vary"—explain with examples. 


12, “Equivalent weight of calcium is 20 and its atomic weight is 40"— 
what do you mean by this statement ? 


The equivalent weight of an element is 9, What informations aro necessary 
in order to determine its atomic weight ? 


13. “The equivalent weight of an element depends on the nature of reaction 
it undergoes''—Explain with examples. 
14. Determine the equivalent weight of the elements underlined in the 
following reactions : 
(a) Fe4-2HCI - FeCl;-- Ha 
(b) NaOH H5PO, & NaHsPO,-HsO 
(c) Cl; -2KI-2KCI--Ta 
(d KOH+Ho0SO, «KHSO, 4 H0 
(c) 2KOH * H$80, - K5S0, -2H,0 
(f) Cu0+He=Cu+H,O 
(g) NaH « H,O«NaOH +H, 
(h) 2NH443CI, =6HCI+Ne 
(i) 4Ca+2NOo=4Cu0+Ne 
G) Za+2HCl=ZnCle+Hy 


15. (a) Explain with examples the importance of Dulong and Petit’s law. 
[ H. S., '80] 

(b) What is meant by isomorphism? Give examples of some isomorphous 
compounds. What are the criteria of isomorphism ? 

16. (a) How is the equivalent weight of zinc determined by hydrogen 
displacement method ? 

(b) Name the elements whose equivalent weights can be determined by 
hydrogen displacement method. 


17. (a) Why the equivalent weight of copper cannot bs determined by 
hydrogen displacement method ? 

(b) How is the equivalent weight of copper determined by oxidation 
method? Why Is copper not converted directly into its oxide in this method ? 


18. Discuss with examples the principle of determination of equivalent 
weight of a metal by displacement of one metal by another. 
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19, Discuss the method for the determination of equivalent weight of 
sodium. Why is the compound of sodium taken instead of sodium in the 
determination of equivalent weight of sodium ? 

20. (a) Describe a method forthe determination of the equivalent weight 
of silver. 

(b) Why is the equivalent weight of silver not determined by hydrogen 
displacement method or by oxide-formation method ? 

21. How is the atomic weight of an element determined from the vapour 
density of its volatile chloride ? 

22. State Mitscherlich's law of isomorphism. Explain how the atomic 
weight of an element is determined with the help of this law. 

23. Describe how the exact atomic weight of an element is determined. 

24. Explain the following : 

o Sodium chloride and potassium chloride are not isomorphous but 
sodium chloride and sodium bromide are isomorphous. 

(ii) In the determination of the equivalent weight of potassium, potassium 
compounds are taken instead of potassium. 

(iii) In the determination of equivalent weight of silver, silver is not 
directly converted into its oxide. 

(iv) Elements combine with one another in the ratio of their equivalent 
weights or in the ratio of the multiples of their equivalent weights, 

(v) Equivalent weight of silver cannot be determined by hydrogen 
displacement method. 


Problems 


Ex. 1. 12 grams of aluminium on burning in oxygen 
completely, form 22:656 grams of alumina. Calculate the equivalent 


weight of aluminium. [Ans. 9] 
Ex. 2. Silver oxide contains 93°10% silver. Calculate the 
equivalent weight of silver. [Ans. 107:9] 


Ex. 3. The oxide of a metal contains 7:17 per cent of oxygen 
and the sulphide of the same metal contains 13:38 per cent of 
sulphur. Calculate the equivalent weight of sulphur. 

"Ans. 15:9] 

Ex. 4. On dissolution of 0:218 grams of magnesium in hydro- 
chloric acid, 218:2 c.c. of moist hydrogen measured at a temperature 
of 17°C and 7545 mm of Hg were evolved. Calculate the equi- 
valent weight of the metal. Aqueous tension at 17"C — 144 mm 
of Hg. [Ans. 12:24] [ Patna, 1928 ] 

Ex. 5. 7:1829 grams of a metal when dissolved in sulphuric acid 
evolved 2:8 litres of hydrogen measured at N.T.P. Determine the 
equivalent weight of the metal. [Ans. 327] 

Ex. 6. 0:3302 gram of a metal when dissolved in hydro- 
chloric acid evolves 122:2 c.c. of hydrogen collected over water at 
a temperature of 16°C and 758 mm pressure. If the atomic weight 
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of the metal is 65'4, what is the valency of the metal? Aqueous 
tension at 16°C=13°6 mm of Hg. [ Ans. 

Ex. 7. The vapour density of the chloride of an element is 77. 
The oxide of the same element contains 72:729 oxygen. Calculate 
the valency and the atomic weight of the element. 

[Ans. valency 4. At, wt. 12. ] 

Ex. 8. In order to dissolve 1*962 grams of metal, 2:94 grams of 
sulphuric acid whose equivalent weight is 49 were spent. Determine 
the equivalent weight of the metal and the volume of hydrogen 
evolved during its dissolution. [ Ans. 327; 0:671 litre at N.T.P. | 

Ex. 9. The chloride of an element was converted quantitatively 
into the corresponding oxide, and the following figures were 
obtained : 0*1827 gram of the chloride gave 0:1057 gram of the oxide. 
Calculate the equivalent weight of the element (Cambridge Entrance 
School). [Ans, 29:74] 

Ex. 10. Tin oxide contains 78°8 per cent of tin. If the specific 
heat of tin is 0°0556 cal/g. deg., calculate the accurate atomic 
weight of tin. [Ans. 118:9] 

Ex. 11. 0:10595 gram of a metal combines with oxygen. to form 
013261 gram ofan oxide. The specific heat of the metal is 0°0936 
cal/g deg. Determine the most accurate value for the atomic weight 
of the metal that can be calculated from these data. [ Ans. 63:57 ] 


Ex. 12. On dissolution of 1-216 grams ofa metal, 6'016 grams 

of sulphate were formed. The specific heat of the metal is 0:25 
cal/g. deg. What is the valency of the metal and its exact atomic 
weight ? > [Ans 2; 2422] 
Ex. 18. On dissolution of 0-1 gram of a metal in hydrochloric 
acid, 124:4 c.c. of dry hydrogen at N.T.P. were evolved. If the 
specific heat of the metal is 0:214, calculate the accurate atomic 
weight of the metal. [ Ans, 26°80] [Cal '53] 
Ex. 14. The equivalent weight of a volatile metal is 10033. 
The specific heat of the metal is 0:033. 0°25 gram of the metal 
occupies 79'5 cc. at 500'C and 760 mm pressure. Calculate the 
atomic weight of the metal and the molecular weight of its vapour. 
[Ans. At. wt. 200*6, Mol. wt. 199:5 ] (Cambridge H.S.C.) 

Ex. 15. What is the atomic weight of an clement which has 
the following properties: (a) 1 gram of the element combines with 
01713 gram of chlorine, (b) The specific heat of the element is 
0*031 cal/g. deg. [ Ans. 207:2] 
Ex. 16. 1:17 grams of sodium chloride precipitates 2°8676 
grams of silver chloride, when treated with excess of silver nitrate 
solution. Calculate the equivalent weight of sodium. Given eq. 
wt. of Ag. = 107:88, eq. wt. of Cl, —35'5. [Ans. 23] 
Ex. 17. Analysis of a pure metallic oxide showed it to contain 
3:5 grams of the metal (M) to 170 gram of oxygen; what is the 
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equivalent weight of the metal? The formula of its chloride is 
MCI,. Calculate the approximate specific heat of the metal. 
[ Ans. 28:0; 0°112 | 
Ex. 18. 1:538 grams of copper oxide were obtained by oxidising 
1:226 grams of copper by nitric acid. When 0°383 grams of magne- 
sium were placed in copper sulphate solution, 1-011 gram of copper 
was precipitated. Calculate the equivalent weight of copper and 
magnesium. [ Ans. Cu-314, Mg.—122] 
Ex. 19. | gram of barium chloride when treated with H,SO, 
yields 1°119 grams of barium sulphate. Calculate the equivalent 
weight of barium. Given : Eq. wt. of sulphate—48. [ Ans. 691] 
Ex. 20. 2:5 grams of a pure metal carbonate when heated 
produce 1:4 grams of metal oxide. Calculate the equivalent weight 
of the metal. Given: at wt. of C=12. [Ans. 20] 


[ Hints. Let:x be-the atomic wt, of the metal ; then 


eq. wt. of metal carbonate x-+30_ 25 whence, x=20 


eq. wt. of metal oxide ~ x48 1-4 
for eq. wt. of co, 2758 =30 and eq. wt. of oxygen=8 ] 


Ex. 21. The chloride ofa metal M contains 20:2 per cent of 
the metal. What is the accurate atomic weight of the metal, if its 
specific heat is 0*224 cal/g. deg. The relative density of the chloride 
is 66:7. Derive its molecular formula. 

Ans. at. wt. 26:9, MCI,. ] [ Punjab, ’51 T 

Ex. 22. An oxide of an element contains 53°33% oxygen and 
the chloride of the same element contains 83:59, of chlorine. 100 
c.c. of the chloride weigh 0'759 gram at N.T.P. The specific heat 
of the element is 017 cal/g. deg. Calculate the equivalent weight 
and atomic weight of the element. Derive the formula of the 
chloride. [ Ans. eq. wt.-=6°94, at wt.—28, MCI, ] 

Ex. 28. Two salts each containing only potassium, oxygen and 
one other element, were found to be isomorphous, One contained 
28:2 per cent of potassium and 25:6 per cent of chlorine, the other 
contained 24:7 per cent of potassium and 34°8 per cent of 
manganese. What value for the atomic weight of manganese is 
indicated by these data ? [Ans. 55:09] [ Cambridge. H. S. C. ] 


Ex. 24. Calcium carbonate is isomorphous with magnesium 
carbonate. Calcium carbonate contains 40:065; Ca, 11:997; C and 
47:959, oxygen. Magnesium carbonate contains 28:91% Mg, 
14-22% carbon and 56°87% oxygen. If the atomic weight of calcium 
is 40-1, find the atomic weight of magnesium. [Ans. 2440] 


Ex. 25. Ferric oxide is isomorphous with aluminium oxide 
A1,0,. The per cent of oxygen in ferric oxide and aluminium oxide 
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is 30°06 and 47:06 respectively. Ifthe atomic weight of alum 
is 27, find the atomic weight of iron. 

Solution. In ferric oxide, 30°06 grams of oxygen combine with 
69-94 grams of iron. 

In aluminium oxide, 47:06 grams of oxygen combine with 52; 
grams of aluminium. 


or, 30:06 grams of oxygen combine with — AT:06 


grams of aluminium. 
Let x be the atomic weight of iron, then by the law of isom 
phism. 


69°94 _ 33°78 whence x=55'89. 
3702 


Ex. 26. Ferrous sulphate, FeSO,, 7H,0, is isomorphous wit 
zinc sulphate. Ferrous sulphate contains 20*09*. of Fe and 45°3 
of water and zinc sulphate contains 2277 of Zn and 43°8% 
water. If the atomic weight of iron is 55°84, find that of zinc. 

Solution. The formula of zinc sulphate is, therefore, ZnSO. 
7H,O0. In ferrous sulphate, 20*09 grams of iron combine with 34° 
grams of sulphate radical. 

In zinc sulphate, 22:7 grams of Zn combine with33:5 grams 
sulphate radical. 

Hence, 34*61 grams of sulphate combine with 23:42 grams of zinc. 

Let x be the atomic weight of Zn, then by the law of isomorphism. 


20709 2342 d eer 
ERE T whence x=65'11. 

Ex. 27. Potassium sulphate K,SO, (containing 18:35. sulphur) 
and potassium chromate (containing 26*8*. chromium) are isomor- 
phous. If the atomic weight of sulphur is 32, find that of chromium. 


Solution. In potassium sulphate, 18:3 grams of sulphur are in 
combination with 81°7 grams of potassium and oxygen. Hence, 1 gram 


of potassim and oxygen together combine with 183... 9.2239 gram of 
817 


sulphur. In potassium chromate, 26°8 grams of chromium combine 
with 73:2 grams of potassium and oxygen. Therefore, 1 gram of 
potassium and oxygen together combine with 76° 0:3661 gram of 
chromium, Let x be the atomic weight of chromium, then we have 

x 03661 


327 0:2239 where x=52°3. 
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Ex. 28. Potassium selenate (containing 35:759, selenium) is 
isomorphous with potassium sulphate (containing 18:39», sulphur). 
If the atomic weight of sulphur is 32, calculate the atomic weight 
of selenium. [ Ans. 79 | [ Bombay Inter., 1953] 

Ex. 29. 2grams ofa metal when dissolved in sulphuric acid 
4:51 gram of metal sulphate was formed. The specific heat of the 
metal is 0'057 cal/gram, Calculate the valency and exact atomic 
weight of the metal. [Ans, 1152,3] [I. I. T., 78] 


Ex. 30. The specific heat of an element is 0°03. The oxide of 
the metal contains 10% oxygen. Calculate the exact atomic weight 
of the metal, [Ans. 216] [ J. E. E., 74] 

Ex. 31. 1:6182 gram of pure silver is dissolved in nitric acid. 
To this solution excess of hydrochloric acid is added when 2:1501 
gram of silver chloride is precipitated. Ifthe equivalent weight of 
chlorine is 35*5, what is the equivalent weight of silver ? 

[Ans. 107.92] [H. $.'65] 


Ex. 32. 0°3975 gram of cupric oxide is heated in a current of 
pure and dry hydrogen until it is completely reduced to metallic 
copper. The liberated gaseous compound is passed through 
previously weighed calcium chloride tube. If the increase in weight 
of calcium chloride tube is 0:09 gram, calculate the equivalent 
weight of copper. [ Ans. 31°75] [ H. S., '64] 

Ex. 33. 0°6842 gram of copper is dissolved in nitric acid. The 
resulting solution is evaporated to dryness. The solid residue on 
being heated gives 0:8567 gram of cupric oxide. Calculate the 
equivalent weight of copper. [ Ans. 31:728] [ H.S. (Comp.), '60 ] 

Ex. 34. The equivalent weights of magnesium and oxygen are 
respectively 12 and 8. Calculate the percentage amount of 
magnesium in magnesium oxide, [Ans. 60] 

Ex. 35. 2:470 gram of CuO is obtained from 1:986 gram of 
copper. When 0:346 gram of zinc is added to copper sulphate 
solution 0:335 gram of copper is displaced. What is the equivalent 
weight of zinc ? [Ans. 33808] [H.S., '81 ] 


Ex. 36. 1°02 gram of a metal oxide contains 0:54 gram of the 
metal. What is the equivalent weight ofthe metal? Calculate the 
atomic weight of the metal by Dulong-Petit’s law. Taking M as 
symbol of the metal, determine the molecular formula of the metal 
oxide. [ The specific heat of the metal is 0*216/gram. deg. ] 

[ Ans. 9, M,0,] [ H. $.,'82] 

Ex 37. 1:5276 gram of CdCl, contain 0:9367 gram of cadmium. 


Calculate the atomic weight of cadmium. At. wt. of chlorine is 
35:5. [Ans. 112535] [I.I T, 75] 


Ex. 88. The specific heat of an element is 0:031 cal. per gram 
per deg. It was found that 25:9 gram of the element combines 
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with 4*0 gram of oxygen. Calculate the atomic weight of the 
element. [ Ans. 2072] [ 1. I. T.,'66] 
Ex. 39. A sample of metal oxide weighing 65 gram is 
decomposed quantitatively to give 6251 gram of the metal. The 
specific heat of the metal is 0°0332 cal./gram. Calculate the exact 
atomic weight of the metal and the empirical formula of the oxide. 
[Ans 2008; M,O] [I I. T., 69 

Ex. 40. What isthe valency of an element of which the 
equivalent weight is 12 and the specific heat is 0*25 ? 
[Ans 2] (I.I. T.,?71 ] 

Ex. 41. The equivalent weight of an element is 12:2. Calculate 
the amount of the metal required to produce and collect by the 
displacement of water 3:34 litre of hydrogen at 27°C and 726:7 mm, 
pressure. Aqueous tension—26:7 mm. Hg. 1 litre of hydrogen. 
weighs 0:09 gram at N. T. P. [Ans. 3:06 gram 
Ex. 42, 0'l gram ofa metal carbonate reacts with sulphuric 
acid to produce 0:136 gram of metal sulphate. Calculate the 
equivalent weight of the metal, [ Ans, 20.] 


Ex. 43. The chloride of an element contains 16°47% element. 
The molecular weight of the chloride is 170. Calculate the 
atomic weight of the element and determine its valency. 

[ Ans. 28; 4} 

Ex. 44. The oxide of an element (M) contains 72-72%, oxygen. 
The vapour density (O=1) of the chloride of the element is 4:82. 
Calculate the atomic weight of the element and determine the 
formula of the chloride. [ Ans. 12, MCL. ] 

Ex. 45. In order to precipitate chlorine completely from 0:585 
gram of a metal chloride 1:70 gram of silver nitrate were required. 
If the specific heat of the metal is 0'28, calculate the equivalent 
weight, atomic weight and valency of the metal, 

[ Ans. Eq. wt.=23, valency=1, at. wt.=23, i 

Ex. 46. 0°51 gram of silver nitrate is required to precipitate 
chlorine from 0*1335 gram ofa metal chloride. The specific heat 
of the metal is 0:22. Calculate the equivalent weight, atomic 
weight and valency of the metal. [ Ans, 9,27,3 ] 

Ex. 47. 1°56 gram of a liquid chloride of phosphorus is. 
hydrolysed. When silver nitrate was added to the resulting 
solution, silver chloride is precipitated. Silver chloride was 
filtered, washed and dried. The weight of dry silver chloride was 
found to be 4'883 gram. If the equivalent weight of silver and 
chlorine are respectively 1079 and 35°45, calculate the equivalent 
weight of phosphorus. [ Ans. 10:34] [ London Inter. ] 

Ex. 48. 2°71 grams of ferric chloride react with 2 grams of 
sodium hydroxide leaving no residue. Ifthe equivalent weight of 
NaOH is 40, find the equivalent weight of ferric chloride, 


[ Ans. 5421 
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Ex. 49. Potassium permanganate is isomorphous with potassium 
perchlorate (KCIO,). If 3481% of Mn is present in potassium 
permanganate, calculate the atomic weight of manganese, 
[Ans 55] 


Ex. 50. Potassium manganate K,MnO, is isomorphous with 
potassium chromate, If potassium chromate contains 26876 chro- 
mium, calculate the atomic weight of chromium. K=39, O=16 

[ Ans. 52] 

Ex. 51. A metal chloride contains 52°5% metal and it is 
isomorphous with silver chloride. If siver chloride contains 24 87 
silver, calculate the atomic weight of the metal. Ag=108. 

[ Ans. 3953] 

Ex. 52. The chloride of a metal (M) contains 29:349, chlorine 
and it is isomorphous with KCl. Calculate the atomic weight of 
the metal. [Ans 855][C. U., 738 J 


Ex. 53. Cu,S and Ag,S are isomorphous with one another. 
Cu,S and Ag. S contain 20°14% and 12:947 sulphur respectively. 
Jf the atomic weight of silver is 107-9, calculate the atomic weight 
of copper. [Ans 635] 


Ex. 54. The oxides of the two metals A and B are isomorphous. 
The atomic weight of A is 56 and the vapour density of its chloride 
is 81:25. If the oxide of the metal B contain 47°1% oxygen, what is 
the atomic weight of B ? [Ans. 27] 


Ex. 55. The sulphate of a metal (M) contains 22:676 metal and 
it is isomorphous with MgSO,, 7H,O. Determine the atomic 
weight of the metal. [Ans. 64°82 ] 

Ex. 56. The sulphate of a metal (M) is isomorphous with 
MgSO,, 7H,0. 0:325 gram of the metal displace 1:08 gram of 
silver from silver nitrate solution. Determine the atomic weight 
of the metal. Given that the atomic weight of silver is 108 and 
its valency is 1. [Ans. 65] 

Ex. 57. Ferrous sulphate contains 20144, iron and 3545 
sulphate and zinc sulphate contains 22°6% zinc and 35:59, sulphate. 
It ferrous sulphate and zinc sulphate are isomorphous and the 
atomic weight of zinc is 65, calculate the atomic weight of iron. 

[Ans. 56:16] 


Ex. 58. 1°02 gram of a metal oxide on reduction gives 0°54 
gram of the metal. The sulphate of the metal forms double salt 
with K,SO, which is isomorphous with chrome alum K,$0,, 
Cr4(S0,),, 24H:0. Determine the atomic weight of the metal. 

[Ans. 27] 

Ex. 59. 0152 gram of chromium oxide is formed from 0'104 

gram of chromium. Its sulphate forms a double salt with potassium 


sulphate which is isomorphous with potash alum, K,SO,, Al,(SO,);; 
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24H,O. If the atomic weight of aluminium is 27, what is the 
atomic weight of chromium. [ Ans. 52:08] 


Ex. 60. Determine the atomic weight of chlorine from the 
following data : 
(i) KCIO, contains 39:197; oxygen. 
(ii) 100 gram of silver is precipitated by 69:1 gram of KCl. 
(iii) 100 gram of silver is obtained from 132:85 gram of silver 
chloride. [Ans. 35:41] 
Ex. 61. When 0°84 gram of a metal carbonate is heated 246:2 


c.c, of carbon dioxide is obtained at 27'C and 760 mm pressure. 
Calculate the equivalent weight of metal. [ Ans. 11:8] 


Ex. 62. When lead is converted into lead sulphate, it is found 


that Pb: PbSO,—1:1:463, If the atomic weight of sulphur is 32, 
what is the atomic weight of lead ? [ Ans. 207:34] 


Appendix 


Specific heat of elements 


Definition. The specific heat of an element is defined as the 
quantity of heat in calories required to raise the temperature of 1 
gram of the element by one degree centigrade. 

It follows from the definition that the unit of specific heat is 
calorie per gram per degree. Since | calorie of heat is required to 
raise the temperature of 1 gram of water by I'C, the specific heat 
of water is 1 calorie/gram. degree. 

The quantity of heat q given up or absorbed by any substance 
due to a change in its temperature is given by 

q=sxmxt where s=the specific heat of the substance, 

m-the mass of the substance and 
t=rise in temperature in degree centigrade, 


From the above equation, it follows that if m, qandt are 
known, s can be found out. 

Therefore, by introducing a known quantity of heat intoa 
known mass of a substance and measuring the temperature rise 
thereby produced, the specific heat ot a substance can be 
determined. 
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Specific heats of some elements 


Atomic Specific Sp. ht. x 


Element weight heat Atomic wt. 
Aluminium 26:97 0217 59 
Boron 1082 0:307 Ex] 
Beryllium 902 0:43 3:8 
Carbon, graphite, diamond 12 0°16 1:92 
Copper 6354 0-093 59 
Gold 1972 0:032 63 
Iron 5584 OL 61 
Litbium 694 09063 629 
Lead 2072 0:031 64 
Mercury 200*6 0:033 67 
Magnesium 2432 0:25 61 
Phosphorus (white) 31 0:198 62 
Sodium 2300 02829 651 
Silver 10788 0:059 6:36 
Silicon 28'06 0:17 48 
Sulphur 32 0:175 56 

in 1187 0-05 59 
Tungsten 1840 0:033 61 
Thorium 2321 0:026 60 
Uranium 23814 0028 6:67 
Zinc 655 0:094 62 


ES ul 
CHAPTER VII 


THE CLASSIFiCATION OF COMPOUNDS 


7. Introduction. At present, more than a million compounds 
are known. It would be impossible for one person to learn the 
chemistry of such large number of compounds if a systematic 
classification is not made. Just us elements are classified according 
to their properties in the periodic table, so compounds can be 
classified into several classes. Compounds in the same class have 
many properties in common. Four important classes of 
compounds, viz., acid, base, salt, and oxide will be discussed in the 
present chapter. 

Acids. The carly chemists observed that several compounds 
when dissolved in water give solutions which possess quite similar 
properties. Some of the common properties they shared are : 

(a) They have a sour taste. (b) They corrode many substances, 
e.g., concentrated sulphuric acid attacks paper and cloths. (c) They 
turn blue litmus red—when a few drops of blue litmus solution are 
added toa solution of an acid contained in a test tube, the whole 
solution turns red. (d) They dissolve certain metals with the 
evolution of hydrogen, e.g., hydrogen can be prepared by the reaction 
of dilute sulphuric acid with zinc, (e) They react with bases, In 
this reaction, they lose all their characteristic properties and neutral 
salts are formed. (f) The solutions obtained when they are dissolved 
in water are good conductors of electric current. 

Compounds which exhibit most of these properties were termed 
acids. All these properties of acids, however, are manifested only 
in aqueous solution. For example, dry hydrogen chloride HCl does 
not behave as an acid and even does not turn blue litmus red; but 
the solution of hydrogen chloride in water is one of the most typical 
acids and exhibits all the properties listed above. Similarly, 
anhydrous sulphuric acid does not react with zinc at ordinary 
temperature but its solution in water reacts vigorously with zinc, 
liberating hydrogen. 

Of the properties of acid listed above, the most important one is 
the ability of the acids to react with bases to form salts. All but 
the very weakest acids will neutralise strong bases in order to 
produce salts. A satisfactory definition of the acid is based on the 
part which they play in the formation of salts: An acid isa 
compound containing one or more replaceable hydrogen atoms which 
can be displaced either partly or wholly by a metal to form a salt. 

Thus, the compound H,SO, known as sulphuric acid contains 
two hydrogen atoms which can be displaced by a metal like zinc to 
form the salt, zinc sulphate, ZnSO,. 

H,SO,+Zn=H,+ZnSO, 


15 
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Hence, sulphuric acid is an acid. Some examples of acids are: 
hydrochloric acid, HCI (hydrogen chloride), hydrobromic acid, HBr 
(hydrogen bromide), nitric acid, HNO;, perchloric acid, HCIO, 
and phosphoric acid H,PO,. 

If we subtract one or several hydrogen atoms from a molecule 
of an acid displaceable an atomora group of atoms will remain, 
which is called the acid radical. Acid radicals participate in 
chemical reactions as a whole unit. Thus, hydrochloric acid gives 
the acid radical CI- ; sulphuric acid gives two acid radicals, viz., 
HSO,- and SO;-; phosphoric acid, H,PO,, gives three acid 
radicals H,PO,^, HPO,-7 and PO,---. 


7.2. Classifiestion of acids. Acids are classed as hydracids 
and oxyacids. The acids which contain hydrogen and other non- 
metallic element or elements but not oxygen are called hydracids. 
Examples are hydrochloric acid, HCl, hydrobromic acid, HBr, 
hydrosulphuric acid, H,S. 

The acids which contain hydrogen, oxygen and another clement 
are called oxyacids. Examples of oxyacids are sulphuric acid, 
H,80,, phosphoric acid, H,PO,, nitric acid, HNO,, etc. Oxyacids 
are formed from acidic oxides, e.g , PO, +3H,O=2H,PO,. 

Acids can be distinguished as monobasic, dibasic, tribasic, etc., 
by the number of hydrogen atoms in a molecule that can be replaced 
by metals. Thus, an acid, the molecule of which contains only one 
replaceable hydrogen atom that can be replaced by metals to form 
salts is called a monobasic acid. The monobasic acids can form only 
ons class of salts. For example, hydrochloric acid isa monobasic 
acid and it forms only one class of salts, viz., chlorides : 

Zo+2HCIl=ZnCl, +H, 
Ca(OH), --2HCI « CaCl, +2H,0 
MgO -2HCI - MgCl, --H,O 

A molecule of a dibasic acid contains two hydrogen atoms that 
can be replaced by metals. A dibasic acid forms Geo SOR of ites. 
For example, sulphuric acid, H,SO,, is dibasic Either one atom of 
iion "a vice bya metal to form one class of salts 

nown as acid salts or both atoms can be repl 
class of salts known as normal salts. VIS wi Io eod 
H,SO, -- NaOH NaHSO, 4- H,O 
H,SO, --2NaOH-— Na,80, --2H,O 

7.3. Nomenclature of acids. In order to name ah i 
places the prefix “‘hydro” before the name of the om: 
metal and the suffix “ic” is attached to the stem of the latter. 
Thus, hydrochloric acid, HCl, is named as : fi 

hydro -4-stem of chlorine+ic= hydro 4-chlor + ic= hydrochloric. 


= 
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The other hydracids may be similarly named, Thus, we have : 


HF HCl HBr 
Hydrofluoric acid Hydrochloric acid Hydrobromic acid 
(hydrogen fluoride) (bydrogen chloride) (hydrogen bromide) 

HI H,S HCN 
Hydriodic acid Hydrosulphuric acid Hydrocyanic acid 
(hydrogen iodide) (hydrogen sulphide) (hydrogen cyanide) 


The names in parentheses are preferred for these substances when 
they are in the gaseous state and the other names are preferred for 
their solutions in water. 

Oxyacids are named by attaching ‘ous’ and ‘ic’ as suffixes to the 
stem of the non-metal which identifies the acid, The ending **-ic"" 
and “‘-ous” are used to distinguish the acids containing more or less 
oxygen. 

Examples are : 

Sulphuric acid H,SO,(+6) Phosphorous acid, H,PO,(+3) 


(Sulphur ic) Phosphoric acid, H,PO,(+5) 
Sulphurous acid H,SO,(+4) ^ Nitric acid HNO,(+5) 
(Sulphur +ous) Nitrous acid HNO,(-+3) 


The numbers in the parentheses represent the oxidation state of 
the identifying non-metallic element, It is found that in the **ic"" 
acid, the identifying non-metallic element is ina state of higher 
oxidation than in the ‘*-ous’’ acid. 

When an element forms more than two oxyacids, the prefixes 
“hypo” and “per” are used in order to name them further. An oxy- 
acid which contains less number of oxygen atoms than the '*-ous'* 
acid, is named by putting the prefix *-hypo" before the name of the 
“ous”? acid. The oxyacids having the greater number of oxygen 
atoms than the *-ic" acid, are named by putting the prefix **-per" 
before the name of the *-ic" acids. Thus, we get 
Chlorous acid HCIO, (+3) Chloric acid HCIO, (+5) 
Hypochlorous acid HCIO (+1) Perchloric acid HCIO, (4-7) 


Mineral acids. The mineral acids which are often used in. the 
laboratory are sulphuric acid, hydrochloric acid, and nitric acid. 
These acids can be derived from mineral substances. 


7.4. Properties of acids from the point of view of the ionic 
theory: According to the Arrhenius? ionic theory, all acids when 
dissolved in water furnish hydrogen jon, H*, or proton by a process 
of reversible ionisation. Thus: 

HCIzH*--CF ; HNO,=H*+NO; . 
H,SO,z22H*--50;- ; HCON=H* -CN- 

All the properties common to aqueous solution of acids are. then 

attributed to hydrogen ions, It is they that turn blue litmus paperi 
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red, conduct electricity in solutions, react with metals, account for 
the sour taste of acids, etc. All the characteristic pioperties of the 
acid are lost, if the hydrogen ion is removed by a process such as 
neutralisation, Therefore, according to the ionic theory, an acid is 
defined as follows : An acid is a hydrogen-containing compound which 
ionises on solution in water to produce hydrogen ion and yields no 
other positively charged ions. An acid is, therefore, regarded as a 
proton donor. 

All the hydrogen atoms present in a molecule of an acid may 
not be ionised. For example, hypophosphorous acid contains three 
hydrogen atoms in its molecule. Butitgives only one proton on 
ionisation : 

H,PO,=H*+H,PO,- 

Out of four hydrogen atums present in a molecule of acetic acid 

only one hydrogen atom is ionised : 
CH,COOH=CH,COO-+H* 

, Metals displace only those hydrogen atoms in the molecule of 

acid which are ionised in solution : 
H,PO,+NaOH=NaH,PO,+H,0 
CH,COOH+KOH=CH,COOK+H,O 


7.5. Strength of acids. Since the acidic properties of the 
acids are due to free hydrogen ions, the greater is the concentration 
of these ions, the Stronger will be the acids. Therefore, if we 
compare two monobasic acids at a given dilution and find that one 
is half ionised and the other is two-third ionised, we Say that the 
latter is stronger, since it yields greater number of hydrogen ions. 
Thus, the acids which are strongly ionised in solution yielding 
large concentrations of hydrogen ions are known as Strong acids 
while those which are weakly ionised in solution yielding low 
concentrations of hydrogen ions are called weak acids. Thus, the 
measure of the strength of the acid is their degree of ionisation. [2 
the extent to which an acid is ionised in solution Examples of strong 
acids are hydrochloric acid, sulphuric acid and nitric acids which 
are probably completely ionised in solution. On the other hand 
acids such as acetic acid, boric acid, carbonic acid and hydrocyanic 
acid are weak acids because they have very low degree of ionisation. 


The basicity of an acid is its ability of neutralising a b i. 
measured by the number of atoms of hydrogen in nan tuts ae 
acid which are replaceable by a metal. According to ionic theory. 
the basicity of an acid is defined as the number of hydrogen ions that 
are formed on ionisation of one molecule of anacid in solution 
Thus, one molecule of hydrochloric acid gives one hydrogen ion or 
proton in solution. Hence, hydrochloric acid is monobasic or 
monoprotic, Sulphuric acid giving two hydrogen ions per molecule 
is dibasic or diprotic and so on. Acids which give more than one 


= 
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hydrogen ion per molecule are called polybasic or polyprotic. A 
polyprotic acid may ionise in several stages, Thus, the ionisation 
of phosphoric acid may be represented as : 
(i) H,PO, =H,PO;+ H+ 
Gi) H,PO; = HPO t H+ 
(iii) HPO;-z5PO;---H* 

7.6. Bases and Alkalis. There is another class of compounds 
which is opposite to acids. This class of compounds is known as 
base. Aqueous solutions of bases possess several common properties : 

(i) They havea peculiar soapy feel. (ii) They taste bitter. 
(ii) They turn red litmus blue. (iv) They react with acids to 
form salt. (v) They are good conductors of electric current. 

The most important properties of a base, among these, are (i) its 
ability to react with acids and (ii) its ability to turn red litmus 
blue. On the basis of these properties, a base can be defined as : 

A base is a substance which reacts with an acid to give a salt and 
water only. Bases are generally metallic oxides and metallic 
hydroxides. For instance, calcium oxide reacts with hydrochloric 
acid to produce calcium chloride and water : 

CaO--2HCI 2 CaCl, +H,0 
Cupric oxide reacts with sulphuric acid to give copper sulphate and 
water : 

CuO--H,80, 2 CuSO, -H,O 

Sodium hydroxide reacts with sulphuric acid to produce sodium 

sulphate and water : 

2NaOH 4-H,SO, — Na,$0, -2H,0 
Ferric oxide reacts with hydrochloric acid to give ferric chloride 
and water : 

FeO, +6HC1=2FeCl, +3H,0 

Hence, calcium oxide, cupric oxide, sodium hydroxide and ferric 
oxide are all bases, 

Compounds containing metals combined with hydroxyl radicals 
are known as hydroxides. Metallic hydroxides also dissolve in acids 
with the formation of salts and water only; they are, therefore, 
bases. Thus, ferric hydroxide and zinc hydroxide react with 
hydrochloric acid to form the corresponding chlorides, water and 
no other products : 

Fe(OH), +3HCl=FeCl, +3H,0 

Zn(OH); 4-2HCI—ZnCI, +2H,O 
Similarly, sodium hydroxide and potassium hydroxide react with 
hydrochloric acid to form the corresponding chlorides and water 


only : 
NaOH c HCl=NaCl+H,O 
KOH 4-HCI-KCI-H,0 
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The hydroxides of sodium and potassium are soluble in water 
while those of iron and zinc are insoluble. The bases which are 
soluble in water are known as alkalis. Alkalis are, generally, the 
hydroxides of metals. The hydroxides of sodium and potassium 
being soluble in water are, therefore, alkalis while the insoluble 
hydroxides such as ferric hydroxide, Fe(OH),, and aluminium 
hydroxide, Al(OH), are not alkalis but they are bases. Therefore, 
all alkalis are bases but all bases are not alkal is, 

77. Ionie theory of bases. According to Arrhenius' ionic 
theory, bases are substances which yield OH- ion when dissolved in 
water. Thus, sodium hydroxide when dissolved in water undergoes 
the following ionisation : 

NaOH = Na*--OH- 


A base is a substance which ionises in aqueous solution furnishing 
hydroxyl ion. A base can accept protons from an acid. 


The basic properties of the bases are due to free hydroxyl ion, 
OH, the greater the concentration of these ions, the stronger will 
be the bases. The strength of a base, therefore, depends on the 
concentration of hydroxyl ions and hence on the degree of ionisation. 

The acidity of a base is its ability to neutralise an acid and is 
measured by the number of. hydroxyl ions produced by the ionisation 
of a molecule of the base, That is, it is measured by the number of 


NaOHz3Na*--OH- 


One molecule of barium hydroxide furnishes two hydroxyl ions on 
lonisation and hence it is a diacid base : 


Similarly, ferric hydroxide, Fe(OH), is a triacid base, 

The definitions of acids and bases given above from the point 
of view of Arrhenius theory (classical theory) of electrolytic 
dissociation are applicable only to aqueous solutions. Although 
these definitions Served a useful Purpose, Chemists soon came 10 


than Arrhenius ever Suspected. For exam le, aqueous soluti 

Sodium carbonate, sodium cyanide aH Sod itn eos op 
indicators in the same way that metallic hydroxides such as sodium 
hydroxide do. Many compounds which do not contain hydroxy] 
radicals also neutralise acids. Gaseous HC] combines with gaseous 


proton theory of acids and bases. According to thi i 
and bases are defined as follows : s oE 


An acid is a substance which can donate a proton. 


a 
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A base is a substance which can accept a proton. 

These definitions of acids and bases can be illustrated by the 
following example : 

The reaction between hydrogen chloride and ammonia in the 
gaseous state can be represented by the following equation : 


NH, + HCl — NH, + Ci” 

The proton, H* is donated by HCl to NH,. Hence, HCl is an 
acid and NH, is a base. 

The strength of an acid is measured by its tendency to donate 
protons. The strength of a base is measured by its tendency to 
accept protons. A strong base holds a proton tightly. Hence, the 
strength of a hydracid depends on the weakness of the covalent bond 
between the proton and the conjugate base. The weaker the 
covalent bond between the proton and the conjugate base the 
stronger is the acid. HCN isa weak acid and hence its conjugate 
base CN- ion is a strong base. 

7.8. Salts. Asalt isa compound obtained when all or part of 
the hydrogen of an acid are replaced by a metal. Thus, when the 
hydrogen atom of hydrochloric acid is replaced by the metal, zinc, 
we get the salt, zinc chloride, 

2HCI4-Zn 2ZnCl,--H; 
Similarly, calcium sulphate, CaSO,, isa salt, since it is obtained 
from H,SO, by replacing two atoms of hydrogen by one calcium 
atom, 

7.9. Nomenclature of salts. Salts are named after the names 
of the acids to which they are related. If a salt contains two 
elements only, its name consits of the name of the metal, the stem of 
the name of the non-metal, and the suffix-*ide". For example, 


CaCl,, is named as : 
calcium-+chlor+ide=calcium chloride. 


Thus, we get: 


Hydracid Salt 
Hydrochloric acid, HCl Barium chloride, BaCl, 
Hydrosulphuric acid, H,S Cadmium sulphide, CdS 
Hydrocyanic acid, HCN Potassium cyanide, KCN 


The naming of the salts which are derived from the oxyacids is 
made according to the following rule : 

(i) If the name of the acid ends in **ic" the names of the salts 
end with the suffix “ate”. Examples are : 


Acid Salt 
Sulphuric acid, H,SO, Sodium sulphate, Na,SO, 
Nitric acid, HNO, Sodium nitrate, NaNO, 


Phosphoric acid, H,PO, Sodium phosphate, Na,PO, 
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(ii) If the name of the acid ends in *-ous", the name of the 
salt ends in *-ite". Examples are : 


Acid Salt 
Sulphurous acid, H,SO, Sodium sulphite, Na,SO, 
Nitrous acid, HNO, Sodium nitrite, NaNO, 


(iii) If the name of the acid ends in -ic or -ous and has prefix 
such as per - or hypo -, then the prefix per-or hypo -is retained 
in the name of the salt. Examples are : 


Acid Salt 
Perchloric acid, HCIO, Sodium perchlorate, NaCIO, 
Periodic acid HIO, Sodium periodate. NaIO, 
Hypochlorous acid, HCIO Sodium hypochlorite, NaCIO. 


(iv) Ifasalt is formed by partial replacement of hydrogen of 
an acid and hence still contains replaceable hydrogen, then its name 
consists of the name of both metal and hydrogen. Examples are 


Acid Salt 
Sulphuric acid, H,SO, Sodium hydrogen sulphate, 
or sodium bisulphate, NaHSO, 
Carbonic acid, H,CO, Sodium hydrogen carbonate 
or sodium bicarbonate, NaHCO, 
Phosphoric acid, H,PO, Disodium hydrogen phosphate 
Na,HPO,. 


7.10. tonic theory of salts. According to ionic theory, salts 
may be defined as compounds which ionise on solution in water to 
form positive dons other than hydrogen ion and. negative ions other 
Paci Aydroxyl jon. int, oon Pov when dissolved in water 
lonises into positively charg ium ion, Nat and negati 
charged chloride ion, Cl- : piel 

NaClz:Na*--CI- 

Similarly, we get, 

ZnSO,zSZn**--SO;- 
NaNO,=Na*t+ NO; 

Salts possess no common properties because 

common to aqueous solutions of all salts, 


All aqueous solutions of salts are excellent conductors of electric 


current ; this is due to the fact that all salts are hishly ionised in 
solution. Salts also conduct electric current in the fused state, 


Salts are usually solids, and characterised b ite hi 4 
and boiling point, Y quite high melting 


there are no ions 


7.11. Classification of salts. Salts are usuall 4 
three classes : ally grouped into 


(i) Acid salts. When only part of the Teplaceable "hydrogen 
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atoms ofa polyprotic or polybasic acid has been replaced bya 
metal, we obtain salts which are known as acid salts. 
NaOH+H,SO,=NaHSO,+H,0 

The salt NaHSO, is an acid salt since it contains hydrogen atom 
capable of becoming hydrogen ion in solution. 

NaHSO, = Na*--HS0; = Na*-- H* - $0? 

The H* ion can be neutralised by adding more NaOH, 

Na OH+H|NaSO, =Na,SO,+H,O 

Hence, the acid salts have the properties of both salts and acids. 

Examples are sodium hydrogen carbonate NaHCO,, sodium 
dihydrogen phosphate NaH,PO,, and disodium hydrogen phosphate 
Nas,HPO,. 

(ii) Normal salts. Whenall the replaceable hydrogen atoms of 
an acid are replaced by a metal, we get salts known as normal salts. 
Thus, sodium sulphate, Na,SO,, sodium phosphate, Na,PO,, 
sodium chloride NaCl, sodium chlorate, NaClO, and sodium carbo- 
nate, Na,CO,, are all normal salts. 

(iii) Basie salts. When only part of the hydroxyl radical, OH, 
ofa polyacid or polyhydroxyl bases aie replaced by a non-metal or 
acid radical, we obtain salts which are known as basic salts. Thus, 

Ca(OH), - HCl 2 Ca(OH)CI 4-H,O 
Pb(OH), +HCl=Pb(OH)CI+H,O 

Calcium hydroxychloride, Ca(OH Cl, lead hydroxychloride or 
basic lead chloride, Pb(OH)CI, are basic salts. 

Basic salts yield OH- ions in water solution and may be neutra- 
lised to form the normal salts. 


Pb(OH)CI 4-HCI — PbCI, +H,O0 
Hence, the basic salts have the properties of both salt and bases. 


7.12. Double salts. A double salt isa mixed salt which has 
got an individuality of its own in the solid state but exhibit 
only the properties of its simpler component salts in solution. 
For example, K,SO,, AL(SO,), 24H,O known as potash 
alum is a double salt which is prepared by dissolving potassium 
sulphate and aluminium sulphate in equim olecular proportions in 
water and allowing the solution to evaporate. It is obtained 
in the form of beautiful transparent crystals. It retains its own 
characteristics only in the solid state. When dissolved in water, 
it acts like a mixture of K,SO, and Al,(SO,),, from which it is 
prepared. Double salts confoim to the law of constant proportions. 
They owe their existence to the similarity in size and attractive 
forces of two different ions. The ionisation of potash alum in water 
yields the ions K*, AI** and SO;*. 


K,SO,, AL,(SO;),, 244H,O=2K* -2AI** -480;? 
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Thus, in solution double salts contain the ions of the simple salts 
from which they are derived. i 

Examples of double salts are Mohr's salt, FeSO,, (NH,),SO,; 
6H,O and carnallite KCl, MgCl,, 6H.,O, etc. 


ex salts. When ammonia, NH,, is added to a precipitate 
of Ms Shlocide, AgCI, the precipitate is dissolved. In this process, 
ammonia forms a complex ion, [Ag(NH,).]*, which is called the 
silver-ammonia complex ion. The Ag* and the [Ag(NH,).]* ion are 
distinct entities. Complex ions are, therefore, the ions which are 
formed by the combination of an ion with other ions or with neutral 
molecules. In each of the complex ion, there is a central ion about 
which the other ions or molecules are grouped in an orderly arrange- 
ment. The number of ions or molecules that are arranged around 
the central ion is called the co-ordination number of the ion, Some 
examples of complex ions are: [Cu(NH,),]** or [Cu**, 4NH,] ; 
[Fe(CN),]** ; [Co(NH;),]*?. 

A salt which contains a complex ion is called a complex salt. 
Unlike double salts complex salts are not split up into its com- 
ponent salts in solution. In solution, potassium ferrocyanide 
ionises to yield complex ions and other ions. Thus, 

K,[Fe(CN),] = 4K*! - [Fe(CN),]7* 
[Cu(NH,),]Cl, = [Cu(NH,;),]*?* --2Cl- 


7.13. Neutralisation. Acids and bases are chemically opposite 
to each other. When an acid is added to a base, each loses its. 
distinguishing properties. Thus, if an equivalent quantities of an 
acid and an alkali are mixed, the resulting solution has neither 
acidic properties nor alkaline properties, On evaporation, the 
solution gives a solid salt. This reaction is called neutralisation 
(latin, neuter, neither). Neutralisation may be defined as a process 
by which an acid and a base react to form salt and water. 

For example, if an equivalent quantities of sodium hydroxide 
and hydrochloric acid are mixed, they undergo the process of 

. neutralisation. The resulting solution is neutral, i.e., neither acidic 
nor basic. If the solution is evaporated, the salt, NaCl, may be 
recovered in the solid crystalline form. 

NaOH+ HCl=NaCl+H,O 

According to ionic theory, an acid such as HCl when dissolved} in 
water furnishes hydrogen ion and the acidic property of the solution: 
is due to the presence of H* ion. 

HCl = H* 4-Cl7 
When a base such as NaOH is dissolved in water, it furnishes 
the hydroxyl ion and the basic property of the solution is due to 
the presence of OH- ion. 


NaOH = Na*-LOH- 
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So when an equivalent quantities of an acid, HCl, and a base, 
NaOH, are mixed, the reaction that takes place can be written as 

o H*+Cl-+Nat+OH-=Na*+Cl-+H,O 

Since the salt formed dissociates in solution into its ions, Na* 
and Cl- are present on the both sides of the equation. They truly 
do not take part in the reaction. The reaction that takes place is that 
between the hydrogen ion and the hydroxyl ion to form practically 
undissociated water molecule : 

H*--OH- = H,O 

Thus, when an acid is added to a base, the sole reaction is the 
combination of H* and OH- ions which are characteristic of acids 
and bases respectively. As a result both acidic and basic properties 
are eliminated ; the solution obtained is neutral since it neither 
contains H+ ion nor OH- ion. 

Therefore, neutralisation can be defined as a process by which 
water is formed by the reaction of H* ion of an acid and the OH- 
ion of a base. 

Some neutralisation reactions are explained in the light of 
ionic theory : 

Neutralisation of HCl and HSO, by Me(OH), In aqueous 
solution HC! and H,SO, ionise as follows : 

HCl = H* -Cl7 

H,SO, = 2H*+S0,7, 
Mg(OH), ionises in aqueous solution as follows : 

Mg(OH), = Mg**+20H- 

Hence, the reaction which takes place when HCl and Mg(OH); 
are mixed in equivalent quantities is 

2H*4-2CI- 4- Mg**--20H- — Mg** 4-2CI- -2H,0 

Or, 2H*++20H-=2H.O 

In the neutralisation of Mg(OH), by H,SO, we get, 

M&(OH);--H,S0, 2MgSO, -2H,O 

Or, Mg**--20H--2H*-4-S0;- —Mg**-F$0,---2H,O 

ne 2H*+20H-=2H,O 

Hence, it is clear from these examples that in all neutralisation 
reactions, the reaction that takes place is the combination of H* 
ion and OH- ion to form undissociated water molecule. 


7.14. Hydrolysis of salts. Hydrolysis of salt is the reverse 
process of neutralisation. Salts, as we know, are obtained by the 
neutralisation of acids by bases. Therefore, we should expect that 
solutions, at least of normal salts, should react neutral However, 
all salts other than the salts of strong acids and strong bases do 
not react neutral when dissolved in water. For instance, if we 
dissolve some crystals of potassium cyanide KCN in water, the 
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resulting solution reacts alkaline. From this fact, we can only 
conclude that the potassium cyanide must have reacted with water 
to formabase. In this reaction, KCN is reversibly split up by 
water into the free base and the free acid : 

KCN--HO H = KOH--HCN 

Such a reaction between ions ofa salt and water is known as 
hydrolysis (literally means decomposition by water). 

Since KOH is a strong base and hydrocyanic acid is a weak acid, 
the resulting solution reacts alkaline. If the base formed is weak 
and the acid formed is strong, the resulting solution reacts acidic as 
in the case of hydrolysis of ferric chloride : 

FeCl, -3H.OH = Fe(OH), +3HCI 

A salt of strong acid and strong base such as sodium chloride, 
NaCl, when dissolved in water does not undergo hydrolysis but 
simply ionises into sodium ion and chloride ion : 

NaCl = Na*-4-CI- 

These ions have no tendency to combine with either the H* or 
OH- ions of water, since sodium hydroxide and hydrochloric acid 
are both strong base and acid respectively. 

These experimental facts are explained by ionisation theory. 
According to this theory, water is slightly ionised in hydrogen ion 
and the hydroxyl ion : 

H,0 = H*--0H- 
. When a salt such as potassium cyanide is dissolved into water, 
it gives positively charged potassium ion and negatively charged 
cyanide ion : 

KCN = K*4-CN- 

The negative cyanide ion now reacts with positive H*, that is, 

CN---H* — HCN 
Hydrocyanic acid HCN isa very weak electrol 
undergo appreciable ionisation. Thus, H* ions are removed from 
the solution by binding them up in the form of weak acid HCN. 
Again, the positive K* ion reacts with negative OH- ion, 

K*--OH- z: KOH 
Since KOH is a strong base, the K* and OH- 
ions in solution. 

Therefore, the net result is 
equilibrium : 

KCN+H,0 = K*+CN-+H,0 = K*+OH-+HCN 
which simplifies to 
CN-+H,0 = OH---HCN 
Thus, the resulting solution contains excess of hydroxyl ion OH- 


yte and does not 


ions will remain as 


that there is established a hydrolytic 
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and hence reacts alkaline. It is evident that fundamentally impor- 
tant change that occurs in the hydrolysis of KCN is that the cyanide 
ions CN- abstract H* ions from water and bind them io the form 
of unionised HUN, causing new water molecules to ionise, which 
leads to an accumulation of considerable quantities of hydroxyl 
ions OH-, making the solution alkaline. 

Hydrolysis is defined as any reaction between the ions of a salt 
and the ions of water usually accompanied by a change in the 
concentration of the latter. 

The main cause of hydrolysis is the formation of unionised or 
weakly ionised substances. 

We shall now discuss the hydrolysis of three types of salts : 

(a) Hydrolysis of salt of strong acid and weak base. Salts. 
which are formed by the neutralisation of weak bases such as 
NH,OH, Cu(OH),, Fe(OH),, etc., (weak bases are formed by the 
metals other than the alkali metals such as Na, K, Cs, etc.,) and 
strong acids such as HCl, H.SO,, HNO,, etc., are called the salts 
ofstrong acid and weak base. Solutions of these salis are acidic 
inreaction. For example, when ammonium chloride is dissolved 
in water, the OH- ions produced by the dissociation of water unite 
with NHi ions to yield undissociated molecules of ammonium 
hydroxide, thus : 

H,O = H*-EOH- 
NH,CI = NH, * 4-Cl- ci 

NH,CI--H40 = NH{+Cl-+H*+OH- = NH,OH+H*+Cl- 
Since HCl isa strong acid, the H* and CI- will remain as ions in 
solution. NHt ions remove OH- ions from the solution and bind 
them in the form of unionised NH,OH. The solution thus contains 
excess of H* ions and hence reacts acidic. 

The solution of aluminium chloride in water isacidic. This. 
can be explained as follows : 

AlCl, = AI**--3CI7 
3H,0 = 3H*--30H- 
AICI, +3H,O = Al(OH), +3H*+3Cl- 

Al(OH), is a weak base but HCl isa strong acid. Hence, the. 
solution reacts acidic. 

Ferric sulphate when dissolved in water undergoes hydrolysis ; 
the resuiting solution is acidic, 

Fe,(SO,), = 2Fe** +3S077 
6H,O = 6H*+60H- 
ee ee eL Lr 
Fe;(SO,),-6H,O = 2Fe(OH), -6H* --380;7 

Fe(OH), isa weak base but H,SO, isa strong acid. Hence, 

the aqueous solution of Fe,(SO,); is acidic. 


238 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


(b) Hydrolysis of the salt of weak acid aud strong base. Salts 
of weak acids such as acetic acid, hydrocyanic acid, carbonic acid, 
etc., and strong bases such as NaOH, KOH, etc., when dissolved in 
water react alkaline. For example, water solution of sodium 
acetate, (CH,COONa) which is a product of neutralisation of the 
strong base NaOH and the weak acid CH,COOH is distinctly basic. 
Sodium acetate in solution ionises into Nat ions and CH,COO- 
ions. The CH,COO- ions unite with H* ions formed by the 
een of water to yield undissociated molecules of acetic acid, 

us 
H,0 = H++0OH- 
CH,COONa = CH,COO-+Nat 
CH,COONa--H,O = CH,COO- 4- Na* --H*--OH- = CH,COOH 
T Na*--OH- 
Since NaOH is a strong base, Na* ions and OH- ions will remain as 
ions in solution. The CH,COO- ions remove H* ions from the 
solution and tie them up in the form of slightly ionised acetic acid. 
Thus the solution has excess of OH- ions and hence is basic in 
reaction. 
Similarly, the basic character of the aqueous solution of i 
carbonate can be explained : ig oom 
Na,CO, = 2Na*--CO;- 
2H,Ó = 2H*--20H- 
„°. Na,CO, -2H,0 = 2Na*+20H-+H,CO, 
Sodium hydroxide (NaOH) isa strong base but H,CO is 
a Hence, the aqueous solution of Na,CO, is alkaline, : 
c) The hydrolysis of salt of weak acid and 2 
salis of weak acids and weak bases whee vehe ron tay 
react neutral. The hydrolysis products of these salts are a Sad 
acid and a weak base. For instance, the hydrolysis of ammonium 
Ei isasult of weak acid, CH,COOH and weak base 
rel Dus si Sa uces an acid and a base which are approximately 
CH,COONH, = CH,COO---NH* 
"UHOSSHMOH- 5i 
dS MEA n t H+ OHesCH,COOH 
Thus CH,COO- ions combine with Ht io. dbi i 
form of slightly ionised CH,COOH ; rra "p 3 
dons of water and bind them in the form of sli htl xci 
NH,OH Thus the resulting solution, neither Eum. m ned 
OH- ions in excess and hence reacts neutral. Mor 

However, if an acid or a base is relativel 
owe aqueous solution of the salts will nile ed aede Aad 
alkaline, For example, the aqueous solution of ammonium Torniate 
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is slightly acidic. Formic acid and ammonium hydroxide are 

formed by the hydrolysis of ammonium formate : 
HCOONH,+H.OH = HCOOH 4-NH,OH 

Formic acid and ammonium hydroxide are both weak but formic 

acid is stronger than ammonium hydroxide, For this reason, the 

solution is slightly acidic, 

If the acid and base produced by the hydrolysis of a salt are 
either weak or insoluble or volatile, then the hydrolysis of the salt 
proceeds to completion. For example, when aluminium sulphide 
as dissolved in water, it is hydrolysed forming aluminium hydroxide 
Al(OH), and H,S : 

Al,S,+6H,O = 2AKOH), --3H,S t 
H,S, beinga gas, goes out of the solution and Al(OH), being 
insoluble is precipitated. For this reason, Al*** ions and $-- ions 
are removed from the reaction sphere. According to Le Chatelier’s 
principle, the reaction proceeds to completion, Consequently, 
Al,S, is completely hydrolysed. Similarly, Fe,S, is completely 
hydrolysed to Fe(OH), and H,S : 

Fe,$,+6H.OH = 2Fe(OH),+3H,S 

In aqueous solution, ammonium carbonate is hydrolysed evolving 
carbon dioxide : 

(NH,),CO,+2H.OH=2NH,OH+H,CO, 


H,0+CO, 

For this reason, the solution reacts alkaline. 

The salts of strong acid and strong base do not undergo hydro- 
lysis when dissolved in water. For example, when NaCl which isa 
salt of strong acid HCl and strong base NaOH is dissolved in water, 
it ionises into Na* ions and Cl- ions. The Nat ions will not 
combine with OH- ions of water to form NaOH, since NaOH. is 
completely ionised into Na* ions and OH- ions in solution. 
Similarly, Cl- ion will not unite with H+ ions since HCl is 
completely ionised. Hence, the concentrations of hydrogen ion 
and hydroxyl ion will remain the same as in. pure water and NaCl 
solution will be neutral. 


Oxide. Oxygen combines with most of the elements to form a 
class of compounds called oxides. Hence, oxides are the binary 
compounds of oxygen with other elements. The inert gases contained 
in air do not combine with oxygen and hence do not form oxide, 
Oxygen can form two covaleat bonds by sharing two electrons 
furnished by another atom. It can also accept two electrons from 
an atom which donates them and form the oxide ion, O--, i.e., 

O-4-2e — O-- 


Non-metallic oxides are mostly covalent compounds whereas many 
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metallic oxides are ionic compounds. For example, sulphur dioxide, 
SO,, is covalent and cupric oxide, CuO, is ionic. 

Classification of oxides. The classification of the oxides is based 
on their behaviour with water and on the types of the compounds 
which they form with water. They can be divided into several 
groups : 

(a) Basie oxides. A basic oxide is an oxide which reacts with 
acids to form salt and water on'y. Some basic oxides combine with 
water to form hydroxides. Generally, basic oxides are produced by 
the combination ofa metal with oxygen. For example, magnesium 
oxide which is obtained as a result of the reaction between magne- 
sium and oxygen, isa basic oxide because it reacts with acids to 
form salt and water only, e.g , 

Mg0--H,SO, —MgSO, -H,O 

The oxides of alkali metals such as sodium and potassium and of 
alkaline earth metals such as calcium and magnesium, readily react 
with water to form hydroxides which are soluble in water. 

Na,O+H,O=2Na0H ; Ca0+H.O0=Ca(OH), 
On the other hand, majority of the basic oxides do not undergo 
any reaction with water. 


(b) Acidic oxides. The oxides which interact with bases to form 
salts are called the acidic oxides. 
For example, CO,-+-2NaOH=Na,CO,+H,0 
Acidic oxides are generally the oxides of non-metals and may unite 
with water to form an acid, eg , 
CO,+H,O=H,CO,; SO,+H,O=H,SO 
fi Eo METES E Bra 2EGBO; 14 550 t 
The oxide of a non-metal from which the acid is derived is called an 
“acid anhydride”, meaning literally an acid without water. Thus, 
aes is called sulphurous anhydride meaning sulphurous acid without 
water. 
The higher oxides of some metals are also acidic. For e 
chromic oxide Cr,O,, is basic, while chromium trioxide is acidic ic 
Cr,0,+3H,SO,=Cr,(SO,), +3H,0 
CrO,-+2NaOH=Na,CrO,+H,O 
Acidic oxides as a rule do not react with acids. There are few 
exceptional cases where such reactions take place ; these reactions 
however, do not lead to the formation of salts. Thus, silicon oxide 
reacts with hydrofluoric acid to give silicon tetrafluoride which is 
not a salt : 
SiO, +4HF=SiF, +2H,O 


€) Amphoterie oxide. Oxides which possess the 7 
both acidic and basic oxides are known Gh amphoteric ontien Qr 
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word amphoteric is derived from a greek word meaning both). They 
interact with bases forming salts, at the same time they dissolve in 
acids to give salts and water. An example of an amphoteric oxide is 
aluminium oxide. It interacts with acids to give the salts of these 
acids. 


Al,O,+3H,SO,=Al,(SO,),+3H,O 
whereas its acidic properties are illustrated by its reaction with 
bases : 

2NaOH + Al,0,=2NaAl0,+H,O 


Zinc oxide, ZnO, stannous oxide, SnO, and plumbous oxide, PbO, 
are other examples of amphoteric oxide. 


(d) Peroxides. The oxides which yield hydrogen peroxide with 
dilute acids are known as peroxides. Thus, sodium peroxide and 
barium peroxide are examples of peroxides, and their reactions with 
dilute acid can be represented as: 

Na,O,+H,SO,=H,0,-+Na,SO, 
BaO;--H,SO, —BaSO, --H,O, 


(e) Super-oxides. Some oxides of alkali and alkaline earth 
metals contain more oxygen than is necessary for the normal valency 
of the metals. In these oxides, O,7* ions are present. An example 
is potassium super-oxide, KO,. "They react with cold water forming 
hydrogen peroxide and oxygen. 

2KO,+2H,0=2KOH+H,0,+0 
2NaO,+2H,0 =2NaOH+H,0,+0, 
It should be remembered that the peroxide contains O,-? ion and 
super-oxide contains O,~* ion. 


(t) Dioxide or Polyoxide. Some oxides of certain metals contain 
more oxygen than their normal oxides, and these oxygen atoms are 
linked separately to the metal atom by double bonds, For example, 
lead dioxide and manganese dioxide can be represented as follows : 

O=Pb=0 (lead dioxide, PbO.) 
O=Mn=O (manganese dioxide, MnO,) 
Such oxides are called dioxides or polyoxides. They do not contain 
O,-* or O,"' group. They react with conc. HCI forming chlorine 
and conc. H,SO, forming oxygen. But in no case H,O, is formed. 
PbO, +4HCI=PbCl,+2H,O+Cl, 
2PbO,+2H,SO,=2PbSO,+2H,0+0, 
Lead dioxide, PbO,, and manganese dioxide, MnO,, are not per- 
oxides because they do not give hydrogen peroxides with dilute acids, 
Peroxides forma separate group of oxides in which the oxygen 
atoms are tied not only to the atoms of other elements but between 
themselves aswell. In ordinary oxides, the oxygen atoms are linked 
chemically to the atoms of other elements only, Thus, sodium 


16 
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qeroxide'and barium peroxide thay be ‘represented by the forbiülas 

Na+O=O=Na and Ba’ | "respectively While the formula of lead 
Ó 


dioxide is of the type O=Pb=O. 

(g) The neutral Oxides. Thereare certain oxides which neither 
form hydroxides nor react with bases and acids. Such oxides are 
called neutral oxides. Nitric oxide, NO, which does not react under 
any conditions either with acids or with bases is an example of 
neutral oxide. Carbon monoxide, CO and nitrous oxide, N,0, are 
other few examples of such oxides. 

(h) Compouad oxides. These are the oxides which may be 
regarded as composed of two oxides of the same element. Thus, 
ferrosoferric oxide, Fe,O,, appears to be formed by the combination 
of ferrous oxide and ferric oxide : FeO+ Fe,0,=Fe,0,. This view 
is supported by its reaction with hot concentrated hydrochloric acid 
in which a mixture of ferrous and ferric chlorides is formed : 

Fe,0,-+8HCl=FeCl, +-2FeCl, +4H30 

Similarly, red lead Pb,O, isacompound oxide and appears to 
be composed of lead monoxide PbO (litharge) and lead dioxide PbO, 
Since it reacts with hot dilute nitric acid to give a solution of lead 
nitrate and a precipitate of lead dioxide : 

Pb, 0, +4HNO, =2Pb(NO,), + PbO, +2H,0 

(i) Suboxides. This group includes oxides in which the elements 
are present in combination with a smaller amount of oxygen than 
is. required. by their normal valencies. Such oxides are described as 
suboxides The best known example is carbon suboxide C,O, ‘in 
which oxygen is present in much smaller amount than is required by 
the Valency of carbon. However, the term carbon, suboxide is a 

ristioimer, since this oxide is the anhydride of malonic acid : 
‘C,0,+2H,0=CH, (COOH), 
This oxide should, therefore, be better called an acidic oxide. 


EXERCISES 
1. What are oxides? “How are they classifi Gi 
the different types of oxides. " ified ? "Give a short account of 


2. Dis inguish between acidic oxide and basic oxide ; i 
salt ; and double sal. and complix salt. roe mode ilt and acid 


3. Write notes on? 
(a) carbon suboxide, (b) amphotericoxide, (c) hydroxide, (d) bases. 


4. Define acid. base, salt, and neutral solution. -Explain wh: 
ümnionia and of sodium bicarbonate are alkaline " quisa id 
bisulphate is acidic (London Inter B. Se) Loco reper ode eiim 


5, ‘Define hydrolysis ofsalts, Explain why : 
(a) '"Solütion of sodium carbonate in water is alkaline. 
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(b) Solution of ammonium acetate in water is neutral. 
(c) Aqueous solution of ferric chloride is acidic. 
(d) Aqueous solution of potassium sulphate is neutral, 
(e) Aqueous solution of ammonium chloride is acidic. 
(f) Aqueous solution of sodium acetate is alkaline. 
6. What will happen when 
E a blue litmus paper is dipped into the solution of each of following 
ts: 
KCIO, KCIOs, KCIOs and KCIO, 
(b) a red litmus paper is dipped into the solution of each of above salts. 


Hints, The acids HCIO and HCIO; ar 
strong. Hence, aqueous solutions of KCIO and KEIO NU TT "ym bus 
paper and those of KCIO: and KCIO, are neutral in reac.ion. ies 


7. What do you mean by basicity of idi 
what is meant by strength of an ey (am acid'and acidity of a base? Explain 


8. Which of the following oxides are acid 
anhydrides ? Write an equation for each eden en premeret dr rg 
(a) P,O, (b) Na&0, (c) ChO, (4) COs, (c) 10, (D OO 
(g) NO, and (h) MgO. m 
9. Give an account of the different types of salts, 
10, Define base. Distinguish between base and alkali. 
11. (à) What do you mean by neutralisation ? Explain with examples. 
(b) Explain with the help of ionic theory thi i 
hydroxide with parochione acia atid B os the samira ination: ot salinn 
with sulphuric acid. Givi e definition of neut r X 
explanation. eutralisation'on the ‘basis of this 


12. What do you meanby an acid? What-do you mean by basicity of 
acid? Discuss the ionic theory ofacids. What an 
acid or base ? hat do you mean by strength of an 


13. What do you mean by a base, What d 
of a base 2? Discuss the ionic theory of bases. O you understand by the acidity 


What do you mean by strong acid, and stro} i 
base? Give examples. ng base ; weak acid and weak 


14, What are salts? Discuss the ionic theory of salts, 
15. Write notes On : 


(a) normal salis. (b) basicsalt, (c) acid ^ 

(o) ype s ) acid salt, (d) complex salt and 
16. What type of oxides are the following ? 
Na,O, SiO  Na,Oe Fesp ZnOr AlaOa; CaO, FeO. PbyO s. POO», PRO, 


o 
p.0,, SO, CuO, CO., MgO, 
P0 N 0, CO, C,O., Sns, Mn;O,, BaO;, Ag:0 mi N Op, Gi0y n0» 


Explain your answer. 


17. Wiiat is formed by the combination of basic oxi : 
Can the oxide of a non-metal be basic? Can*the oxide te eater: i 


18. Show that 

G) POs isan acidic oxide, 

(i) nitrous oxide and carbon'monoxide are neutral oxide. 
Gii) aluminium oxide and zinc oxide are amphoteric oxide. 
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(v) carbon dioxide is an acidic oxide. 
(v) CrOs is an acidic oxide. 

(vi) iNa.O. is a peroxide. 

(vii) PbO, is a dioxide. 

(viii) calcium oxide is a basic oxide. 


19. (i) BaOs is a peroxide but PbOz or MnO, is a dioxide—why ? 
(i) How will you test whe:her a solution is acidic, basic or neutral;? 
20. Explain the following : 


(i) The aqueous solution of ammonia and of sodium carbonate are basic but 
the solution of sodium bisulphate is acidic. 


(ii) The aqueous solution of ferric chloride is acidic. 

(iii) The aqueous solution of calcium bisulphate is acidic. 

(iv) The aqueous solution of ammonium sulphate is/acidic. 

(v) | The aqueous solution of copper sulphate is acidic. 

21. Which of the following salts giro acidic solution, which basic solution 
and which neutral solution ? Explain your answer. 


AICls, FeCl», SnCl,, CuCl, Na COs, NH:NOs, Na:PO,, NaH,PO,, 
KAI(SO, )o, Zn(CIO,);, CuSO, Ba(CN);, Al(CHsCOO)s and (NH4):COs. 

22. Explain the following statement : 

(i) All alkalis are bases but all bases are not alkalis, 


(ii), All acids contain hydrogen but all hydrogen-containing compounds are 
not acids. 


(iii) Sodium bisulphate is an acid salt. 

(iv) Normal salts are always formed from HCI. 

(v) Anhydrous hydrogen chloride cannot turn blue litmus red. 
(vi) CIOH acts as an acid but NaOH acts as a base. 

(vii) HsPO, is a monobasic acid. 


(viii) When Na.COy is added to the aqueous solution of ferric chloride 
Fe(OH), is precipitated. $ 


(ix) When magnesium is added to the aqueous solution of aluminium 
chloride bubbles of gases are evolved. 


(x) The aqueous solution of ferric chloride on standing becomes turbid. 
(xi) The aqueous solution of aluminium sulphate turns blue litmus red. 


23. Classify the. following compounds into acid salts, basic salts and 
normal salts : 


NaHCO; ; NasCOs; NH,Cl;KCIO, ; CaSO, 5H;0 ; NaClO ; Pb(OH)CI ; 
CaCO;, Cu(OH),. ^ ERSA DO 


24. Indicate whether the following statements are true orfalse. Justify 
your answer. 

(i) ALS; is completely hydrolysed but AICls is incompletely hydrolysed. 

(ii) When Na COs is mixed with aqueous solution of FeCls, CO; is not 
evolved and Fe(OH), is not precipi.ated. 

(ii The aqueous solution of NaH;PO, is slightly acidic and that of 
NasPO, is basic. 

(iv) When aqueous solution of Na:S is mix^d with the aqueous solution of 
CrCls, CKOH); is precipitated. 
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(v) When blue litmus paper is dipped into aqueous solution of NaCl, it 
turns red. 

25. When phenolphthalein is added drop by drop to the saturated cold 
solution of borax the solution turns red. Then acetic acid is added to the 
solution drop by drop until the red colour is just discharged. If the solution 
is then diluted, the red colour appears again—Explain. 

[Hints: Na,B.O,+3H,O = 2NaBO,+2HsBOs 

NaBO,+2H,O = NaOH+HsBOs 
when’ the solution is diluted NaOH is produced in large quantities, HsBOs 
«cannot change the colour of the indicator. P 

26. Explain the reaction of potassium sulphide, K,S and aluminium 
sulphate in the light of ionic \heory. 

27. When phenolphthalein is added to the hot concentrated solution of 
sodium sulphi e, the solution turns red but when the solution is cooled, it 
‘becomes colourless—Explain. 


CHAPTER VIII 
TITRATION 


Equivalent weights of acids, bases and salts. The equivalent 
weight of an acid is defined as the weight of the acid which 
contains. 1:008 parts by weight of replaceable hydrogen. For example, 
36465 parts by weight of hydrochloric acid contain 1-008 parts by 
weight of replaceable hydrogen. Hence, the equivalent weight of 
hydrochloric acid is 36:465. Similarly, 49 parts by weight of 
sulphuric acid contain 1-008 parts by weight of replaceable hydrogen. 
49 is; therefore, the equivalent weight of sulphuric acid. Equivalent 
weight of an acid when expressed in gram is called one gram-equiva- 
lent. weight or one gram-equivalent of the acid. Thus, one gram- 
equivalent ofsulphuricacid is49 grams. Since the basicity of an 
acid is the number of replaceable hydrogen atoms, the equivalent 
weight of an acid equals its molecular weight divided by. its 
basicity, i.e., 


; ; id —. molecular weight of the acid 
equivalent weight of an acid— 7 baat of the acid 
Thus, equivalent weight of sulphuric acid 

-.,Bolecular weight of H, SO, 98 =49 
A te 7 = 
(98 is the molecular weight of H,SO,). 
equivalent weight of phosphoric acid 
molecular weight of H,PO, -PoxT 
equivalent weight of nitric acid= Molecular weight of HNO, 
—63_ 
E =63. 


The equivalent weight of a base is defined as the weight of the base 
which can just completel y neutralise one equivalent weight of an acid. 

The equivalent weight of the base expressed in gram is known as 
one gram-equivalent of the base. 


In the neutralisation reaction between a base and an acid, the 
fundamental equation is 


€g., NaOH -HCI = Na*+|OH-+ Ht +Cl- 
+ AS _=NaCI+H,0 
H*+0H-=H,0 Ca(OH), +2HCI = Ca*++20H- 42H]. 
2CIl-=CaCl, +2H,0- 
This means that a base which contains one OH- ion reacts with one 
equivalent weight of the acid, a base containing two OH- ions 


Teacts with two equivalent weight of the acid and soon. Since the 
acidity of the base is the number of hydroxyl groups OH- it 
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contains, the equivalent; weight of a base equals its molecular weight 
divided by its acidity, i.e., 

equivalent weight of a bas , molecular weight of the base 

acidity. 

Since number of hydroxyl groups which combines with a metal ora 
radical (such as NH) to form a base is equal to the valency of the 
metal, the equivalent weight of the base equals the molecular weight 
divided by.the valency of the metal in it, i.e., 

equivalent weight of a basic hydroxide 

— molecular weight of the basic hydroxide 
valency of the metal 

In the case of basic oxides, the equivalent weight equals the 
molecular weight of the basic oxide divided by the valency of the 
metal and by the number of its atoms in a molecule of the oxide, i.e., 


equivalent weight of the basic oxide 
B molecular weight of the oxide — — 
mümber of metal atoms x the valency of the metal 
In table 8:1 are illustrated the calculations of the equivalent 


weights of some common bases and basic oxides. 
Table 8:1 


Mol. wt. of | 4 oi Total valency |Equivalent wt. 
Bay | the base Acidity | of the metal l of the bate 
Sodium hydroxide, NaOH 40 1 $6240 
Calcium hydroxide, Ca(OH), 74 2 2 I= 37 
Ferric hydroxide, Fe (OH), 107 3 3 2181235:67 
Calcium oxide, CaO 56:08 2 2 9598 = 28 04 
Ferric oxide, FeaOs 160 | 6 6 142—26:67 


The equivalent weight of asalt is defined as the weight of the 
salt which contains one equivalent weight of the metal. Now, the 
equivalent weight of the metal is obtained by dividing the atomic 
weight of the metal by its valency. Hence, the equivalent weight 
of a salt equals the molecular weight of the salt divided by the 
valency of the metal and by the number of its atoms in a molecule 
of the salt, i.e., 

i " E. molecular weight 
equivalent weight of the salt number of metal atoms x its valency 


For example, the equivalent weight of ferric sulphate, Fe,(SO,), is 
calculated as follows : N f 
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mol. wt. of Fe,(SO,),—400 ; valency of Fe—3 and number of atoms 


of Fe—2. Hence, the equivalent weight of Fe,(SO,),— 400 =66°7. 


3x2 
Similarly, the equivalent weight of calcium carbonate, CaCO,, is 
mol. wt. of CaCO, 100 mol. wt. of CaCO, =100 
——— M— = 50 ong 
1x2 2 valency of calcium=2 
and the equivalent weight of sodium bicarbonate, NaHCO;, is 


mol. wt. of NaHCO, 84 94 
1x1 1 


The equivalent weight of an acidic oxide is the weight of the 
oxide which reacts completely with one equivalent of the base. 
Thus, in the case of CO, 

2NaOH + CO, = Na;CO, + H,O 
2x40 44 
we see that two equivalents of sodium hydroxide react with 44 
parts by weight of carbon dioxide. Hence, the equivalent weight 
of carbon dioxide is 44/2—22. 

In the light of ionic theory, we can define the equivalent weight 
of an acid, base or salt as follows : 

An equivalent weight of an acid, base or salt is the fraction of mole- . 
cular weight that corresponds to one unit of positive or one unit of 
negative ionic valency. The equivalent weight of an acid, base or 
salt is, therefore, obtained on dividing the molecular weight by the 
total positive or negative charges in the formula of the acid, base 
or salt. Table 8:2 shows how this definition permits one to 
calculate readily the equivalent weight of a compound. 


Standard solutions. To prepare a solution of any subs- 
tance, it is enough to leave the latter in contact with the solvent 
for some length of time. Concentration of the Solution is defined 
as the quantity of solute present in a unit volume of solution or in 
a unit amount of solvent. That is, 

quantity of solute 
volume or quantity of solvent or solution 
A solution that contains known amount of solute in a definite 
volume of solution is called a standard solution. Hence, a standard 
solution is one of known concentration. There are two methods 
of expressing concentrations of solutions, viz., (1) weight-volume 
method and (2) weight-weight method. 

(1), Weight-volume method. This method consists of stating 
the weight of a solute in a given volume of solution. Four types 
of standard solutions depending on this method are discussed below. 

Molar solution. A solution which contains one mole of solute 
in 1 litre of solution is called molar solution. Molarity is defined 


concentration= 
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as the number of moles of solute contained in one litre of solution. 
That is. 
1 number of moles of solute 

Mas abigere T of solution in litres. 
The number of moles of solute is obtained on dividing the amount 
of solute in grams by the molecular weight of the solute. A molar 
solution is denoted by the latter M preceded by a coefficient 
indicating the “molarity” o' the solution. For example, a 2M solu- 
tion of sodium chloride contains two moles or (2x58:458 —116:92 
grams of sodium chloride (mol. wt. of NaC1— 58:458) in one litre ; a 
0:3M solution of it contains 0*3 mole or 0'3 x 58:458—17:537 grams 
of sodium chloride per litre, etc, 


If 53 grams of sodium carbonate are present in 1*5 litres of its 
solution, then the number of moles of sodium carbonate present in 
solution is given by 


number of moles— € (molecular weight of Na,CO, — 106). 
20*5. 
Therefore, the molarity of the solution 0 3—0:333. 


Equal volumes of solutions of equal molarity contain the same 
number of moles and hence same number of molecules. So it is very: 
conyenient to use molar solutions in volumetric analysis. 


Formal solution. In the case of certain compounds, it is found 
that the formulas do not represent the molecules. This is especially 
true for ionic compounds such as NaCl which exist as ions even in 
the solid state. Tn a solution of NaCl, no NaCl molecules are present 
but instead only Na* and C1- ions are present. Hence, in such cases, 
it is preferable to speak of a formula weight of a substance (formula 
weight is the sum of the atomic weights of all the atoms in a 
formula). 


A formal or formular solution is one which contains one gram- 
Formula weight (one formula-weight in gram) of solute per litre of 
solution. The number of gram formula weight (GFW) of solute per 
litre of solution is called the formality (F). That is, 

formality (F) - number of gram-formula weights 

litres of solution 


It w grams of solute are dissolved in V litres of solution and a gram 
is the gram-formula weight of the solute, then the number of gram- 

ight— s i ANT. 
formula weight— Ze formality, XE 
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one formal solution of NaCl is designated as 1 F NaCl, two formal 
solution of MgSO,, 7H,O as 2F MgSO,, 7H,O and so on. 

If the formula used for a compound is the same as its correct 
molecular formula describing the molecules actually present in the 
solution, then the formality and molarity are identical. For example,. 
2F solution of cane sugar, C,,H,,0,, is also a 2M solution. Buta 
2F solution of sodium chloride, NaCl, is not a 2M solution. A 2M 
solution of NaCl is more accurately described as 2M in Na* and 
2M in Cl-, since NaCl in solution is completely dissociated into 
Na* and Cl- ions and no individual NaCl molecules are present in 
the solution. 


Normal solution. A solution which contains one gram-equivalent 
of the solute in one litre of solution is called a normal solution. 
Normality represents the number of gram-equivalents of solute 
present in one litre of solution. For example, when 1 gram-equivalent 
of hydrochloric acid, i.e., 36:465 grams are dissolved in enough 
water to make one litre of solution, this, by definition, would be one 
normal solution of hydrochloric acid, i.e., the normality of the solu- 
tionis I. If two gram-equivalent weights of this acid, i.e., 
72:930 grams are dissolved in enough water to make 1 litre solution, 
the normality of the solution would become 2... That is, 
number of gram-equivalents of solute 

volume of solution in litres 


Hence, if the solution contains 0*5 gram-equivalent of the solute per 
litre, it is.called seminormal (0°5N) + if it contains 0*1. gram-equiva- 
lent of the solute per litre, it is called decinormal (0°1N) solution, 
etc. Thus when 1 gram-equivalent weight, i.e., 56:108 grams of KOH 
are dissolved in enough waterto make I litre solution, we get 1 N 
solution of potassium hydroxide, when 0'5 gram-equivalent, i.c., 
0*5 x 56:108—28:054. gram are dissolved in enough water to make 
llitre of solution, we get semi-normal (0'5N) solution, when 0*1 
gram-equivalent, i.e , 0°! x 56108—5:6108 grams are dissolved in 
enough water to make 1 litre of solution, we get deci-normal (0:1 N} 
solution of potassium hydroxide, etc. 

Since the normality of the solution expresses the number of 
gram-equivalent weights of solute present, it follows that 
weight of solute in gram present per litre 

gram-equivalent weight of solute 
Hence, weight of solute in gram per litre 
=normality x gram-equivalent weight. 

Thus, the weight of sulphuric acid per litre of a 0*2 N sulphuric acid . 
solution=0:2 x49=9°8 grams, 49 grams being the gram-equivalent 
of sulphuric acid. On the other hand, if 9°8 grams of sulphuric acid 
are found to be present per litre of a sulphuric acid solution, then 
the normality of the solution is 9°8/49=0:2. 


normality (N)— 


normality =. 
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Volume per cent. A solution which contains one gram of 
solute in 100 c.c. solution is called one per cent solution. 100 c.c. 
of a 5% sodium hydroxide solution contain 5 grams of sodium 
hydroxide. Therefore, we can write 


Per cent of solute— weight of solute 00 
volume of solution in c.c. 


(2) Weight-weight method. Chemists commonly use three 
methods of expressing concentrations of solutions which depend 
upon giving the weight of both solute and solvent. These methods 
are (i) Weight per cent (w/w), (ii) molality* and (iii) mole 
fraction. Since molality and mole fraction are not included in the 
syllabus they are not discussed here. 


Weight per cent. According to this method, a solution 
which contains one gram of solute in 100 grams of solution 
is called one per cent solution, A 10 per cent (w/w) solution, 
therefore, contains 10 grams of solute in 100 grams of solution. 
Let us suppose that a grams of a solute are dissolved in b grams of 
a solvent, Hence, the weight of the solution—(a 4-5) gram. 


(a-- b) grams of solution contain a grams of solute. 


1 gram of solutioncontain G5 grams of solute. 


100 grams of solution contain “oS grams of solute. 
Hence, percentage strength (w/w) of the solution 
=4%100___weight of solute in grams 199 
(a+b) total weight of solution in grams 
Relationship among different units of concentration. One 


unit of concentration can be converted into the other unit of 
concentration if sufficient data are available. 


(1) Volume per cent (w/v) and molarity. Suppose we are 
given a% (w/v) of a solution and molecular weight of the solute is b. 


100 c.c. of the solution contain a grams of the solute. 
1000 c.c. of the solution contain 10a grams of the solute. 


Number of moles present in 1 litre of the solution-- 102, 


* A solution which contains one mole of solute in 1000 grams of solvent is 
known as one molal solution. Molality is defined as the number of moles of 
Solute disolved in 1000 grams of solvent, i.e., 

molality number of moles of solute 
amount of solvent in kilogram - 
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Molarity, M=2x10 


Pe AO ie GRAD i 
b molecular weight of solute 
Hence, if the volume per cent (w/y) of the solution and mole- 
cular weight of the solute are known, the molarity of the solution 
can be found out. 


Similarly, the relation between volume per cent and formality is. 


found to be F=2 n where F=formality of a%. (w/v) solutiontand 


f formula-weight of solute. 


(2) Volume per cent (w/v) and normality. Suppose we are 
given a% (w/v) ofa solution and the equivalent ibe of the 
solute is e. Hence, 


100 c.c. of the solution contain a grams of solute. 
1000 c.c. of the solution contain a x 10 grams of solute, 
Number of gram-equivalents of solute present in 1000 c.c.. 


of the solution 4* 10, 


Normality, n=2xt0 


Na x 10... axlo 
e . equivalent weight of solute 
This is the relationship between volume per cent (w/v) and. 
normality of a solution. 


(3) Molarity and Normality. Let us suppose that we are given. 
N normal solution. Molecular weight of the solute is P and its 
equivalent weight is e. Then, 


1000 c.c. of the solution contain N x e grams 'of solute, 
Number of moles present in 1000 c.c. of the solution 


=Nxe 
b 
Molarity of the solution, M=Nxe 
Nxe 
Nor 


A AM FN EEA equivalent weight of solute 
molecular weight of solute ` 

This is the relation between molarity and normality. Similarl 

the relation between normality and formality is found 5 be vi 
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pre where F=formality, f—formula-weight of the solute 


‘and e is the equivalent weight of solute. 


Primary standard solution and secondary standard solution. 
There are some substances which are readily available in the pure 
‘and dry state. These substances can be accurately weighed out 
with the help of achemical balance. A standard solution of such 
a substance can, therefore, be prepared by dissolving a known 
weight of it in a definite volume of solvent. The standard solution 
thus obtained is called a primary standard solution and the 
substances whose standard solution can be obtained in this way are 
called primary standards. Potassium dichromate, oxalic acid, anhy- 
drous sodium carbonate, etc., are examples of primary standards. 

On the other hand,there are some substances which cannot be 
obtained easily inthe pure and dry state and it is very difficult to 
weigh them. out accurately. A solution of approximate strength 
of these substances are first prepared and this solution is then 
titrated with a suitable primary standard solution to determine its 
exact strength, A standard solution prepared in this way is called 
a secondary standard solution. Sulphuric acid, sodium thiosulphate, 
sodium hydroxide, etc., are examples of secondary standards. 

Preparation of standard solution. The following example will 
show clearly how the standard solutions are prepared in the 
laboratory. 


Preparation of 250 c.e. of x sodium carbonate solution. 
‘The gram-equivalent weight of sodium carbonate is 53 grams, Hence, 
5:3 grams of sodium carbonate are required to make | litre of 


N sodium carbonate solution. To make 250 c.c. of P sodium car- 


10 


bonate solution, 33 =1°325 grams of sodium carbonate are, there- 
fore, required. 

Some amount of pure and dry sodium carbonate are taken into 
a weighing-bottle. The weighing-bottle together with sodium 
carbonate is then weighed accurately with the help of a chemical 
balance. Some of sodium carbonate are then poured into a 
volumetric flask which hasa mark on its neck indicating a volume 
of exactly 250 c.c. and the weighing-bottle is accurately weighed 
again. Then enough distilled water is added to dissolve all sodium 
carbonate in the flask after which the flask is filled upto the mark 
"with distilled water. Let us suppose that 


the first weight of weighing-bottle— 105234 grams 
the second weight of weighing-bottle=9°1728 grams 
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thé amount of sodium carbonate taken into the flask 
3(1055234 — 91728): 13506 grams. 
"Now, 1-325 grams of sodium carbonate in 250 c.c. of solution 


make N solution, Hence, 1-3506 grams Of sodiüm carbonate in 


: 1-3506, ; * : 
250 c.c. solution make asa) ie., 170193 S) solution, 


Hence, the concentration or strength of the solution is 1°0193 
(N . " N 
D The number 1°0193 is called the factor (X) sodium 


carbonate solution, 


The factor is obtained on dividing the weight of solute actually 
dissolved by the theoretical weight required to make a solution of 
given strength, that is, 


facto =: weight of solute actually dissolved, 
theoretical Weight necessary to make a solution of given Strengib, 


Acidimetry and Alkalimetry. Titration. We have seen that 
án a neutralisation reaction as in all chemical reactions, the 
numbers of gram-equivalents of the reacting substances are equal. 
For example, in the neutralisation of an acid such as HCI with a 
base such as NaOH, the number of gram-equivalents of the acid 
must be equal to the number of gram-equivalents of the base. Now, 
the normality of the solution is related to its volume by the 
expression ; 


normality =2Umber of gram-equivalents 
~~ volume in litres, 


-. number of gram-equivalents= normality x volume in litres, 

Let us now suppose that ina neutralisation reaction Vi litres 
-of a solution of an acid of concentration C, (N) neutralise V, litres 
of a solution of a base of concentration C,(N). Then 

V, C, number of gram-equivalents of acid used and 

Va C,=number of gram-equivalents of base used. 
It follows, therefore, that for a neutralisation, the product Va C, 
for the acid equals the product V, C, for the base, that is, 

ViC,=V,C, (8:1) 

Since volume appears on both sides, the volumes V, and V, need 
not be in litres. However, V, and V, must be expressed in the same 
unit. When the volumes are in millilitres, the product VC represents 
milliequivalents. 


If any three factors of the equation (8:1) are known, the fourt 
ean be calculated. - Thus, the relation (81) is not only zs 3 
:calculate the volumes of solutions -needed carry out various 
meactions, but also. used to find the concentrations (normality) of 
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the solutions. The experimental procedure is known as titration. Æ 
titration is an experiment in which we determine the volume of @ 
solution of unknown strength which is needed to react witha definite 
volume of another solution of known strength. Since the reactions 
between acids and bases take place readily and rapidly, the concen- 
trations of solutions of acids and bases may be determined readily 
by titration. When the unknown concentration of an acid solution. 
is estimated by titration, the process is called acidimetry ; while the 
estimation of unknown concentration of a basic solution is known 
as alkalimetry. 


The volumes of solution can be measured accurately by means of 
burets (fig. 8.1), each with a total capacity of 50 or 100 ml. 
A buret is a glass tube narrowed at the lower end and fitted with. 
astop-cock for drawing the solution. The tube is graduated in 
millilitres and tenth of a millilitre, When a definite volume of a 
solution has to be measured out at once, a pipet (fig. 8.1) is used. 


aS 


Volumetric flask Pipet 


Fig, 8.1 


A definite volume of the solution whose normality is to be deter- 
mined is pipetted out and placed into a beaker. Then a few drops- 
of a solution of an indicator are added to the solution of the beaker- 
The other solution of known strength is now added from the buret 


TITRATION —— 257 


slowly stirring the solution in the beaker constantly, until we 
reach a point where the indicator shows apermanent change in 
colour. This is the end point of the titration. The volume of the 
solution added is read off by the calibrations on the buret. The 
concentration of the solution which is taken into the beaker is 
calculated from the relative volumes of the two solutions with the 
help of the equation (8*1), since that of the other is known. 


Indicators used in titration. An indicator is a substance 
which changes its colour abruptly as soon as an excess of one 
substance in the solution is replaced by a very slight excess of the 
other. An indicator does not influence the course of a reaction. 
The indicators used in acid-base titrations are either weak acids, or 
weak bases. For example, in the neutralisation reactions between 
acids and alkalis, the indicator may be a solution of phenolphthalein 
which is colourless in acid solution, but becomes pink immediately 
after the acid is replaced by a very slight excess of alkali. 

The choice of indicators in the titration of acids and bases 
depends on the strength of acids and bases. In table 8:3 is given 
a list of indicators which are suitatle for a particular type of acid- 
base titration : 


Table 8'3 


Indicator Titration 


Any indicator strong acid-strong base. 
Methyl orange yellow strong acid-weak base. 
Methyl red palo yellow | strong acid-weak base. 
Phenolphthalein colourless red or pink. | weak acid-strong base. 
Litmus red blue strong acid-strong base. 


It should be noted that the end point in the titration of an acid 
with a base is not always in a neutral solution. Only a strong acid 
titrated with a strong base yields a neutral solution at the end point. 
A weak acid titrated with a strong base yields a slightly basic 
solution at the end point. This is due to the fact that when exactly 
enough number of gram-equivalents of the base has been added to 
equal the number of gram-equivalents of the acid, the salt (of weak 
acid and strong base) formed undergoes hydrolysis making the 
solution slightly alkaline, In such cases phenolphthalein may act 
as-a good indicator. For example, in the titration of acetic acid with 
sodium hydroxide phenolphthalein acts as a good indicator. 


17 
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Oa the other hand, a strong acid titrated with a weak base yields 
a slightly acidic solution at the end poiat. This is due to the fact 
that when exactly enough number of giam-equivaleats of the base 
has been added to equil the number of gram-equivalents of the 
acid, the salt (of strong acid and weak base) formed undergoes 
hydrolysis making the solution slightly acidic. In such cases, 
methyl orange or methyl red may act as a good indicator. For 
example, in the titration of ammonium hydroxide with sulphuric 

acid, methyl orange which changes colour in slightly acidic solution 
would act as a good indicator. 

Let us now find how the change in coloar of an indicator with 
the change in acidity or alkaliaity of the solution takes place. An 
indicator may behave as à weak acid of the general formula HIn 
in which the symbol In stands for a complicated organic substance. 
An indicator may also behave as à weak base of the general 
formula InOH. 

The indicator behaves as à weak acid and dissociates as : 

Hin= In + Hi 

In“ has a different colour from Hin. Thus the red form of litmus 
may be represented by the formula Hin and the blue form by In" : 

. Hin x HY In- 

(red) (blue) 
(acidic form) (basic form) 

In acid solution the concentration of H* ions is large and hence 
the equilibrium is shifted to the left and the indicator assumes the 
acidic form HIn (red for litmus). In alkaline solution the 
concentration of OH- ions is large (and hence H* ion is removed 
from the equilibrium mixture) and hence the equilibrium is shifted 
totheright. Consequently, in alkaline solution the indicator is 
converted almost ent irely into the basic form, In~ (blue for litmus). 

An indicator may be a weak base and dissociates as : 


InOH æ In* + OH- 
(basic form) (acidic form) 


In alkaline solution, with concentration of OH- ions very large 
the equilibrium is shifted to the left and the indicator assumes the 
basic form. In acid solution, with concentration of H* ions very 
large, the equilibrium is shifted to the right and the indicator 


assumes the acidic form. 


Example of titration. Preparation of standard solution of sul- 
phuric acid by titration with (N/10) sodium carbonate solution. 


The equivalent weight of sulphuric acid is 49. Hence, in order 
to make 1000 c.c. of e H,SO, solution, 4:9 grams of sulphuric 


acid are to be weighed out. But since sulphuric acid is highly 
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hygroscopic and is not also absolutely pure, it is not weighed. A 


solution of sulphuric acid of approximately E) is prepared as 


follows : 
The strength of concentrated sulphuric acid is approximately 
36 N. The volume of conc. H,SO, which is to be taken in 1000 c.c. 


solution to make (S) solution is calculated as follows : 


LN 
36 Nxxcjyx 1000 


x=2'8 c.c. 


Hence, about 2:8 c.c. of conc, H,SO, is measured out by a buret 
in a 1-litre volumetric flask after which the flask is filled with water 
uptothe mark. This is approximately uy sulphuric acid solution. 
This is then titrated with standard sodium carbonate solution. 

25 c.c. of standard sodium carbonate solution are taken into a 
beaker by means of a 25 c.c. pipet. Two or three drops of methyl 
orange are then added to it, when the colour of the solution becomes 


yellow. A buret is filled with approximately N sulphuric acid 


solution. Sulphuric acid is then added from the buret drop by 
drop until the pink colour is just obtained. During titration, the 
solution in the beaker is constantly stirred, The volume of the acid 
solution required to neutralise 25 c.c. of sodium carbonate solution 
is read off by the calibrations on the buret. 


Calculation. Let us suppose that the strength of Na,CO, 


solution 1*2 (el 


the volume of Na,CO, solution taken=25 c.c. 
the volume of sulphuric acid required —22:5 c.c. 
strength of sulphuric acid —x(N) 


Now, from the relation (8:1) 


volume of acid x concentration (in normality) of acid 
=volume of base x concentration (in normality) of base. 


225xx-25x12 Oo) 


xe y (qo) m tas (N 1 


Therefore, the concentration of sulphuric acid —1*3333 (i): 
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Behaviour of phenolphthalein in the neutralisation of sodium 
carbonate by acid. The reaction of sodium carbonate with acids 
takes place in two stages : 

Na,CO, + HCl = NaHCO, + NaCl (i) 
NaHCO, + HCl = NaCl + H,O + co, (ii) 

When two or three drops of phenolphthalein are added to the 
solution of sodium carbonate, the colour of the solution becomes 
pink. Sodium carbonate is hydrolysed in aqueous solution and the 
solution becomes slightly alkaline. In alkaline solution, the colour 
of phenolphthalein becomes pink. 

Na,CO, = 2Na* + CO,- 
2H,O ^ sS; 2H 4 20H: 

Na,CO, + 2H,0 = 2Na* + 20H- + H,COF 

When a strong acid is added to sodium carbonate solution, sodium 
bicarbonate is first formed and in the resulting solution of sodium 
picarbonate phenolphthalein becomes colourless. So when the first 
stage of the reaction is complete, that is, when only half of Na,CO, 
is neutralised, phenolphthalein changes its colour from pink to 
colourless. 

This 1s due to the fact that phenolphthalein is unable to indicate 
the alkalinity of NaHCO, solution. Hence, lf phenolphthalein is 
used as an indicator in the titration of sodium carbonate solution 
with a strong acid, the solution becomes colourless when only half of 
Na,CO, is neutralised. For this reason, methyl orange is used in 
the titration of sodium carbonate solution with a strong acid like 
hydrochloric acid or sulphuric acid. 

1f 20 c.c. of I(N) sodium carbonate solution is titrated with 
1(N)HC! solution using phenolphthalein as indicator, then after 
the addition of 10 c.c. of 1(N)HCI, the solution becomes colourless. 
Tn order to reach the end point, methyl orange must be added to the 
half-neutralised solution. If two or three drops of methyl orange 
are added to this solution, the colour of the solution becomes 
yellow. After the addition of further 10 c.c. of 1(N)HCI (20 c.c. of 
i(N)HCI solution in all), methyl orange changes its colour from 
yellow to orange and the end point of the titration is indicated. 

Relation between volume of a solution and its streugth. 
Let us take V, litres of a solution of a substance of normality C, 
and dilute it to a new volume V, litres. The concentration of the 
Solution changes and let the new concentration be C,(N). Since 
during dilution the number of gram-equivalents ofthe substance 
remains the same, we have, 

V4,C,.—V5C; 
If the solution is again diluted to a new volume V, litres, having 
the concentration C,(N), then we get es 
1 1=Ve "aen 
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Thus, when the same solution is diluted to different volumes, V,, V., 


V5, Va, etc., having the concentrations C,(N), C,(N), C,(N), C,(N), 
etc , then we get 


ViC,=V.C,=V,C,=V,C,=K (8:2) 


where K is a constant which is equal to the number of gram-equiva- 
lents present in the solution. From (8:2), it follows : 


K 
VELO S Cant Mann 
T 1 S s 1 
Le; Vite i similarly, Maro etc. 


In general, if V isthe volume and C is the concentration of the 
solution, then 


Voc e 

Hence, the volume of a given solution is inversely proportional 
to the concentration of the solution, 

Now, let us take V c.c. of a solution of concentration C(N). 
This solution is diluted to a new volume of concentration 1(N). 
Denoting the new volume by x, we write by equation (8.2) 

V x C(N)=x x 1(N) 
7, x=VxCcc. 

Hence, V.c.c. of C(N) solution=(V x C) c.c. of 1(N) solution 

For example, 100 c.c. of 1(N) solution contain (49 = 10) 
—4'9 grams of sulphuric acid. It is diluted to 1000 c.c. Denoting 
the new concentration of the solution by x, we write the equation 

100 x 1(N)=1000 x x 
EN. 
x= 197? 1(N). 

Hence, 1000 c.c. of 0*1(N) H.SO, solution 
=1000 x 0*1 c.c. of 1(N) H,5S0, solution. 
=100 c.c. of !(N) H,SO, solution 
=4°9 grams. 


Problems 
"x. 1. Calculate the weight of the dissolved Substance present 
in 750 c.c. of 0:2(N) sodium carbonate solution. 
Solution. The equivalent weight of sodium carbonate is 53, 


Therefore, 1 litre or 1000 c.c. of 1(N) solution of Na,CO, con- 
tains 53 grams.. e 


1000 c.c. of 0*2(N) solution of Na,CO, contain 53 x 9:2 gram 
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750 c.c. of 0:2(N) solution of Na,CO, contain Saxon 750 


=7°95 grams. 
Hence, amount of Na,CO, present=7:95 grams. 


Ex.2. Find the strength in normality of sodium hydroxide 
solution which contains 1'5 grams of NaOH in 250 c.c. of the 
solution. 


Solution. 250 c.c. of the solution contain 1*5 grams of NaOH 
1000 c.c. of the solution contain Pox 1000 = 6-0 grams of NaOH. 


Now, 40 grams of NaOH in 1000 c.c. make 1(N) solution 
6 grams of NaOH in 1000 c.c. make 1X8_o-15(N) 
the strength in normality =0°15(N). 

Ex. 3. In order to neutralise 50 c.c. of sulphuric acid, 20 c.c. of 
0°3(N) solution of sodium hydroxide were added. What is the 
normality of the acid? Calculate the amount of the acid in grams 
per litre. 


Solution. Let the normality of the acid be x 
Then, 50 x x=20 x03 


JL x2 20x03. 94 x03—01XN) 


Now, the equivalent weight of sulphuric acid is 49. 
1000 c.c. of 1(N) solution of H,SO, contain 49 grams. 
1000 c.c. of 0*12(N) solution of H,SO, contain 49x 12 
—5:88 grams. 
Hence, normality of the acid—0*12(N) and amount of the acid in 
1 litre 5:88 grams. 


Ex. 4. 30c.c.ofa solution of sulphuric acid neutralise 25c .c. 
of a solution of anhydrous sodium carbonate containing 6'0 grams of 
the anhydrous substance per litre. Calculate the strength of the 
acid in terms of normality and grams per litre. [ H.S., 1961 (comp.) ] 


Solution. The equivalent weight of Na,CO,=53. 


6 grams of Na. CO, are present in 1 litre of solution. Therefore, 
the normality of Na,CO, solution=,',(N) 


Let the normality of sulphuric acid solution be x, Then 
25 X 6x) n. 

53x 3-79 0943(N) 

normality of sulphuric acid solution=0'0943(N) 


The equivalent weight of sulphuric acid is49. .. the amount 
of sulphuric acid in grams per litre=49 x 0°0943=4"0207 grams, 


*xX30=25 x fy. X= 
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Ex. 5. 20°5 c.c. of hydrochloric acid neutralised 25 c.c. of 
0*125(N) sodium carbonate solution How will you prepare 1 litre 
of 0 1(N) hydrochloric acid solution out of it ? 

Solution. Let the normality of hydrochloric acid solution be x 

Then, 20:5x xe0125(N) x25". xe 245% ISN) =0:1525(N). 

strength of hydrochloric acid solution—0*1525(N). 

Let xc.c. of this solucion are to be diluted with water to make 
1 litre of 0* 1(N) solution. 

+1525 ft. gree 1000. 0°1 cec, 

Then, xx 0'1525=1000x01 ~. x= U1525 7695 7 c.c. 

It follows, therefore, that to prepare one litre of 0*1(N) solution, 
655*7 c.c. of the solution should be diluted with water to make 
one litre. 

Ex. 6. In order to neutralise a solution containing 2:45 grams 
of an acid, 25 ml of a 2 N) alkali solution were spent. Determine 
the equivalent weight of the acid. Ifthe acid is dibasic, what will 
be its molecular weight ? 


Solution. 25 iul of 2(N) alkali solution neutralise 25 ml of 2(N) 
acid solution, 


Hence, 25 ml of 2(N) acid solution contain 2°45 grams of the acid. 
Hence, 25 ml of 1(N) acid solution contain 275 21:225 grams of 


` the acid. 


1000 ml of 1(N) acid solution contain 22501000 


=49 grams. 


Hence, the equivalent weight of the acid —49 and the molecular 
weight of the acid —49 x 2—98. 

Ex. 7. 1:3456 grams of Na,CO, are dissolved in water and the 
volume of the solution is made upto 250 c c. 25 c c. of this solution 
exactly nevtralised 24:85 c.c of a sclution of H,SO,. Calculate the 
normality of (a) Na,CO, solution, (b) acid solution and (c) the 
amount of Na,SO, formed on neutralisation. | Cal., *52, '53, '63] 


Solution. The equivalent weight of Na,CO, “ee £ m 53. 


Now, 250 c.c. of Na,CO, solution contain 1:3456 grams of Na,CO, 
1000 c.c. of Na,CO, solution contain 1:252 pie 
—5:3824 grams. 


Hence, the normality of Na,CO, solution--5 3824 —0:1016(N) 
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- 1 litre of 0:0672(N) Na,CO, solution contains 53 x 0:0572: 
grams of Na,CO,. 
250 c.c. of 0*0672(N) Na,CO, solution contain 
53x0:0672x250 .. 
— "1000 =0°8904 grams of Na,CO,. 


Therefore, 1 gram of impure Na,CO, contains 0:8904 gram of 
pure sodium carbonate. .. 100 grams of impure Na,CO, contains 
89-04 grams of pure sodium carbonate. 

percentage of pure Na,CO, in the impure sample 89:04. 

Ex. 11. 0:968 gram of NH,CI was boiled with 50 c.c. of (N/2) 
NaOH solution till free from ammonia. 28 c.c of (N/4)HC} 
solution were required for neutralising the excess of alkali in 
mixture. Find the percentage of NH, in NH,CI. 

Solution. 50 c.c. of N/2 NaOH solution =50 x 0:5—25 c.c. of 
1(N) NaOH solution. 

28 c.c. of N/4 HCI solution =28 x1=7:0 c.c. of 1(N) HC! 
solution. 

Again, 7*0 c.c. of 1(N) HCI=7-0 c.c. of I(N) NaOH 
iue (25—7)=18 c.c. of 1(N) NaOH solution reacted with 
4Cl. 


NH 
Now, 18 c.c. of I(N) NaOH= 18 c.c. of 1(N) ammonia 
Now, 1000 c.c. of 1(N) ammonia contain 17 grams of ammonia. 
18 c.c. of IN) ammonia contain eis =0°306 gram of 
ammonia. 


Now, 0'968 gram of NH, Cl contain 0:306 gram of ammonia 
100 gram of NH, C1 contain O56 » 100 _ 31-6 gram of 
ammonia. 
percentage of NH, in NH,CI—31:6. 

Ex. 12. 448 c.c. of hydrogen chloride (gaseous hydrochloric 
acid) measured at N.T.P. were passed through a solution of sodium 
hydroxide, When the reaction was over, the solution was found 
to be still alkaline. In order to neutralise the solution completely 
50 c.c. of 2(N) H,SO, solution were added. Calculate the total 
quantity of NaOH in the solution. 

Solution. The gram-molecular weight of hydrogen chloride is 
36:5 grams. 

Now, 22 4 litres or 22400 c.c. of hydrogen chloride -at N.T.P. 
weigh 36 5 grams, 

Now, 1000 c.c. of 1(N) HCI solution contain 36:5 grams, 
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Hence, 22400 c.c. of hydrogen chloride at N.T.P.=1000 c.c. of 


1(N) HC! solution. 
i —1000 x448 203 
448 c.c, of hydrogen chloride at NTRA ee 


of 1(N) HC! solution. 

Now, 20 c.c. of 1(N) HCl solution=20 c.c. of 1(N).NaOH 
solution. 

Again, 50 c.c. of 2(N) H.SO, solution=100 c.c. of 1(N) HSO, 
solution 2100 c.c. of 1(N) NaOH solution. 

Hence, amount in c.c. of NaOH solution neutralised =(20+ 100) — 
120 c.c. of 1(N) NaOH solution. 

Now, 1000 c.c. of 1(N) NaOH solution contain 40 grams of NaOH 


120 c.c. of 1(N) NaOH solution contain d grams 


of NaOH. 
Hence, the total quantity of NaOH in the solution—4 8:grams. 


Ex. 13. To 25 c.c. of H,SO, solution are added 25 c.c. of 


Nucl solution. Calculate the normality of the acid mixture. If 


the mixture is exactly neutralised by NaOH solution, what will be 
the-weight of salt formed. 


Solution. Volume of the acid mixture=50 c.c. 


Now, 25 c.c. of D: H,SO, solutionz 2:5 c.c. of 1(N) H,SO, > 


25 c.c. of NHC solution=12'5 c.c. of 1(N) HCI solution. 


(2°5+12°5)=15 c.c. of 1(N) solution of the mixture are 
formed. 
Let x be the normality of the mixture. Then 
xx50=15x1(N) 


x=15=0°:(N) 
Hence, strength of the mixture=0-3(N). 
Now, the strength of H,SO, in the mixture 29 EN). -05(N) 


the strength of HCl in the mixture? X3 L925(N) 


Again, 
2NaOH + H,SO, = Na,SO, + 2H,0 
2x40 2x49 2x71 


2g. eq. wt. 2g. eq- wt. 2g. eq. wt. 
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: 50 cc. of 0*05(N) H,SO, =50 c.c. of 0°05 (N) Na, SO, solution. 
Now, 1000 c.c. of 1(N) Na,SO, solution contain 71 grams o Na,SO, 
50 c.c. of 0*05(N) Na,SO, solution contain EO 05 
grams of Na,SO, —0:1775 grams of Na,SO,. 
Now, 50 c.c. of 0:25(N) HCl=50 cc. of 0:25(N) NaCI solution, 


-` 1000 c.c. of 1(N) sodium chloride solution contain 58:5 
grams of NaCl. 


50 c.c. of 0:25(N) sodium chloride solution contain 
58:5x 50x 0:25 
— "o 7 —07313 grams of NaCl. 


-` Amount of salts formed are (a) 0°1775 grams of Na,SO, and 
(b) 0°7313 gram of NaCl, 


Ex. 14. 0:24 gram of a metal was dissolved in 115 c.c. of 
HCl. The excess of the acid required 30 c.c, of (Son solu- 
tion ye neutralisation.. Calculate the equivalent weight of the 
metal. 


N CN 
Solution. 30 c.c. of (à) NaOH solution =30 c.c. of (à) HCI 
solution. 


N 
Ii 


Now, 30 c.c. of X) HCI solution=15 c.c. ot HCI solution. 


^ Hence, (115 —15)2: 100 c.c. or HCI reacted with 0:24 gram of 
the metal. 


^. 1000c.c of 1(N) HCI solution reacted with 0:24 x 10x 5— 
12*00 grams of the metal. 


Equivalent weight of the metal is 12. ` 
Ex. 15. 25'6 c.c. of ib AgNO, solution were required for the 


titration of 25 c.c. of KCI solution. Find the amount of KCI per 
litre of the solution, [K—39'1] 


Solution. Let the normality of KCI solution be x. Then 
MIRO. 
25xxz-256x 10 


xe DA (N/10) e 1-024) 


The equivalent weight of KCl 74:6 
1000 c.c. of 1(N) KCI solution contain 74-6 grams of KC] 
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.. 1000 cc. of 0°1024(N) KCI solution contain 74- 6x 0*1024 iM 
=7°64 grams of KC]. Ns: 

Hence, the amount of KCI per litre— 7:64 grams. 1 

Ex. 16. 25 c.c. ofa solution containing sodium hydroxide 
and carbonate required 35 c.c. of 63) HCl solution for neutra- 
lisation, using phenolphthalein as indicator, when the solution 
becomes colourless at the end point. To this colourless solution, £ 
methyl orange is now added and a further 10 c.c. of (N o) Hel solu- 
tion are required for neutrality. Calculate the amount of NaOH 
and Na,CO, per litre of the solution. 

Solution. Sodium hydroxide and sodium carbonate behave 
as alkalis towards phenolphthalein but are neutral towards methyl 


orange. Sodium bicarbonate on the other hand behave as aikalis 
towards methyl orange but is neutral towards phenoiphthalein. 
Hence, in the first titration, all the NaOH and half of sodium 
carbonate are neutralised, 
Na,CO, +HCl=NaHCO, + NaCl 


35 cc. of x HCl=all the NaOH-+half the amount of 


Na,CO, present in 25 c.c. of the mixture. 


In the second titration, sodium bicarbonate formed which is 
equal to half of oy carbonate present in the mixture are 


neutralised by 10 c.c. of N To HCl. 
He A OE ARE 
Hence, 10 c.c. of lU HCls half the Na,CO, present in 25 c.c. of 


the solution, 

Amount of Na,CO, present in 25 c.c. of the solution of the 
mixture=20 c.c. of A HCI! solution, 

=2 c.c. of I(N) HCI. 

=2 c.c. of 1(N) NagCO, solution 0:106 gram of Na,CO, 


Amount of Na,CO, per DAPP ee grams, 


Again, 35 c.c. of 5 HCl «all the NaOH+10 c.c. of N ; HCl. 


-All the NaOH present in 25 c.c. of the mixture 
5:35- 10-25 ce. of 1 HCI solution. 
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“. 30 c.c. of 0*05(N) H,SO, = 50 c.c. of 0°05 (N) Na,SO, solution. 
Now, 1000 c.c. of 1(N) Na,SO, solution contain 71 grams of Na,SO, 
50 c.c. of 0°05(N) Na,SO, solution contain TEX O05 
grams of Na,SO, —0:1775 grams of Na,SO,. 
Now, 50 c.c. of 0:25(N) HCl = 50 c.c. of 0:25(N) NaCl solution, 


^. 1000 c.c. of I(N) sodium chloride solution contain 58:5 
grams of NaCl. 
50 c.c. of 0:25(N) sodium chloride solution contain 


58:5 x 50 x 0:25 
Se ee TA " 
1 0°7313 grams of NaC] 


^. Amount of salts formed are (a) 0°1775 grams of Na,SO, and 
(b) 0°7313 gram of NaCl, 


Ex. 14. 0:24 gram of a metal was dissolved in 115 c.c. of 
o HCI: The excess of the acid required 30 c.c, of (*)naon solu- 


tion ge neutralisation.. Calculate the equivalent weight of the 
metal. 


N puta 
Solution. 30 c.c. of ( D) NaOH solution = 30 c.c. of Q) HCl 
solution. 
Now, 30 c.c. of E) HCI solution=15 c.c. of X HCI solution. 


y Hence, (115 —15)—100 c.c. or HCI reacted with 0:24 gram of 


the metal. 


=. 1000c.c of 1(N) HCI solution reacted with 0'24 x 10x 5— 
12-00 grams of the metal. 


Equivalent weight of the metal is 12. ; 
Ex. 18. 25°6 c.c. of 5 AgNO, solution were required for the 


titration of 25 c.c. of KCl solution. Find the amount of KCl per 
litre of the solutión. [K-—391] 


Solution. Let the normality of KCl solution be x. Then 
25x x-256x x 


25:6 A uf N 
xeS no ea oA 


The equivalent weight of KCl—74:6 
1000 c.c. of 1(N) KCI solution contain 74*6 grams of KCI 
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.. 1000 c.c. of 0°1024(N) KCI solution contain 74°6 x 0:1024 
=7°64 grams of KCI. 

Hence, the amount of KCI per litre=7°64 grams. ' 

Ex. 16. 25 c.c. ofa solution containing sodium hydroxide 
and carbonate required 35 c.c. of o) HCI solution for neutra- 
lisation, using phenolphthalein as indicator, when the solution 
becomes colourless at the end point. To this colourless solution, 
methyl orange is now added and a further 10 c.c. of GI HCI solu- 
tion are required for neutrality. Calculate the amount of NaOH 
and Na,CO, per litre of the solution. 


Solution. Sodium hydroxide and sodium carbonate behave 
as alkalis towards phenolphthalein but are neutral towards methyl 
orange. Sodium bicarbonate on the other hand behave as aikalis 
towards methyl orange but is neutral towards phenoiphthalein. 


Hence, in the first titration, all the NaOH and half of sodium 
carbonate are neutralised. 
Na,CO, +HCl=NaHCO, + NaCl 


35' c.c. ot HCl=all the NaOH+half the amount of 


Na,CO, present in 25 c.c. of the mixture. 


In the second titration, sodium bicarbonate formed which is 
equal to half of sodium carbonate present in the mixture are 


neutralised by 10 c.c. of S HCl. 
NaHCO, +HCl=NaCl+H,0+CO, 
Hence, 10 c.c. of 2 HCl half the Na,CO, present in 25 c.c. of 


the solution, 
Amount of Na,CO, present in 25 c.c. of the solution of the 
mixture=20 c.c. of 5 HCI solution. 


z2 c.c. of I(N) HCl. 

=2 c.c. of 1(N) NagCO, solution —0:106 gram of Na,CO, 

07106 x 1000 
25 


Amount of Na,CO, per litre= —4'24 grams, 


Again, 35 c.c. of i HCl =all the NaOH+10 c.c. otto HCl. 


*, -All the NaOH present in 25 c.c. of the mixture 
=35-10=25 c.c. of x HCI solution. 
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=25 c.c; OF an NaOH solution. 


=2'5 c.c. of 1(N) NaOH solution. 
=0'1 gram of NaOH 
Amount of NaOH per litre=4-00 grams. 

Ex. 16, 25 c.c. of solution of sulphuric acid neutralise 22:5 c.c. 
of a 4 per cent solution of sodium carbonate. How would you reduce 
the strength of the acid to decinormal. Cal., '48] 

Solution. 1000 c.c. of 4 per cent solution of Na,CO, contain 40 
grams of Na,CO,. i 


Normality of 4% Na, CO, solution 22 (N)=0°7547 (N). 


Let the normality of H,SO, be x; then 
x X 25=22'5 x 077547 (N). 


xe 729X078 _ 0-679). 


Let 1 litre of this solution be diluted to x litres of normality 
N, Then 
10° 

1 x0°6792=x x O1 
x= 08792 _ 6-79) litres, 
Ol 

Hence, 1 litre of the solution should be diluted to 6:792 litres. 

Ex. 17. An excess of ferrous sulphide is added to 125 c.c. of 
dilute sulphuric acid and the volume of hydrogen sulphide set free 


measured 560 c.c. at 0°C and 760 mm. Calculate the normality of 
the acid. Cal., '49] 


Solution. FeS + H,SO, = FeSO, + H,S 
2x49 224 litres at N.T.P. 
Hence, 22'4 litres of H,S at N.T.P.—2 x 49 grams of H,SO, 
560 c.c. of H,S at N.T.P. (at 0°C & 760 mm.) 
_2x49x560_>, 
= = 400 Ee 45 grams of H,SO, 
125 c.c. of dilute H,SO, contain 2:45 grams of H,SO, 
1000 c.c. of dilute H,SO, contain 19:6 grams of H,SO, 


Normality of the acid — PE 
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Ex. 18. Calculate the molarity of a concentrated solution of 
sulphuric acid which is labelled to be 98% sulphuric acid by weight 
and whose specific gravity is 184. - [ID TSAR] 
Solution. 100 grams of sulphuric acid contain 98 grams, i.e., 

1 mole of sulphuric acid. 
I, c.c. of sulphuric acid solution contain 1 mole of sul- 

phuric acid. 


1000 c.c. of sulphuric acid solution contain 18:4: 


1:84x1000 . 
100 
moles of sulphuric acid 


Molarity of the acid — 18:4. 


Ex. 19. The lime obtained on heating 1 gram of calcium 
carbonate is dissolved in water to make 1 litre of solution. What 
ds the normality of the solution ? [H.S.,'81] 

CaCO, = CaO + CO, 
100 56 
100 grams of CaCO, produce 55 grams of CaO 
»  .. l gram of CaCO, produce 0:56 gram of CaO 
The equivalent weight of Cao = SU EI6. 2g x 
Now, | litre of the solution contain 0°56 gram of CaO 


Normality of the solution 36.0 02 


Ex. 20. 10 c.c. of conc. H,SO, (sp. gravity 1:83) is dissolved 
4n water to make 1 litre of solution. 28 c.c. of 0°25(N) Na,CO, 
solution is required to neutra.ise 20 c.c. of this solution. Calculate 
the percentage by weight of acid present in concentrated sulphuric 
acid. [ H. S., 74] 

Let us suppose that strength of dil. H,SO, —x(N) 
20 x x(N)=28 x025(N) 


.,28 x 0:25 9. 
olx 0:35 


Therefore, the strength of dil. H,SO, —0:35(N) 
l litre of dilute sulphuric acid contain 0:35x49—17:15 
gram of sulphuric acid, 
.. 10 c.c. of concentrated sulphuric acid contain 17:15 gram of 
-H,SO,. D 
-. 10x 1'83 grams of concentrated sulphuric acid contain 17:15 
gram of H,SO,. 
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100 grams of concentrated sulphuric acid contain 


17°15 x 100_ 93. fe) 
COxT83 —93:71 gram of H,SO,, 


Hence, the strength of concentrated sulphuric acid is 93°7 per 
cent by weight. 


Ex. 21. 10 c.c: of N u,50,, 6 c.c. oro HCl and 20 c.c. of 


N HNO, are mixed together. What is the strength of mixture in 


normality ? 
10 c.c. of J H,S0,22 c.c. of I(N) H.SO, 


6 cate ot? HCl=3 c.c. of (N) HCl 
0 c.c. of T HNO,z5 c.c. of 1(N) HNO, 


Hence, 10 c. of Ñ H,SO,46 c«. ot P HCI+20 c.c. of 7 


HNO, =(2+3+5) or 10 c.c. of 1(N) acid mixture, 
Aíter mixing, the volume of the acid solution— 10+6+20=36 
c.c, Wf its strength is x(N), then 


XN)X36210X1(N) ~- x=10=0-278. 


Strength of the mixture=0°278(N). 
Ex. 22. l'22 grams of a monobasic organic acid gives on 
complete combustion 3°08 gram of carbon dioxide and 0°54 gram oj 
water. 10 c.c. of y 0 barium hydroxide solution is required to 
neutralize 0°122 gram of the acid. Determine the molecular formula... 
and structural formula of the acid. 
44 grams of carbon dioxide contain 12 grams of carbon 
12 x 3:08 
44 


3:08 gram of carbon dioxide contain grams=0°84 


gram of carbon. 
1:22 gram of the acid contain 0°84 gram of carbon. 
100 gram of the acid contain (84:100 — 68-85 gram of 


carbon, | 
Amount of carbon in the acid —68:857; 
18 grams of water contain 2 grams of hydrogen 
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0°54 gram of water contain =0°06 gram of hydrogen. 


20°54 
18 
1°22 gram of the acid contain 0:06 gram of hydrogen. 
100 gram of the acid contain POR X100. 4-918 gram of 
hydrogen. 
Amount of hydrogen in the acid — 49189; 
Percentage of oxygen in the acid 
7:100 —(68:85--4:918)— 26:232 
. H: 00885 4:918 , 26:232 
C:H:0= ee es ee 
=5'74 3 4918 : 1°64 
=7 : 6 12 [ Dividing by 0°82 ] 
-. Empirical formula of the organic acid=C,H,O, 
Molecular formula of the acid=(C,H,O,)x 


Now, 10 c.c, of x Ba(OH), solutionzs0*122 gram acid 


1000 c.c. of 1(N) Ba(OH), solution s122 gram of acid 
Equivalent weight of the acid — 122 
"Molecular weight of the acid—122x 1—122 
(7x 12+6x 1--2x16)x—122 
7. weal 
Molecular formula of the acid is C;H,Os. Since the acid 
is monobasic, it contains only one carboxylic group (—COOH). 


COOH 


ZN 
Hence, its structural formula is C,H,COOH or | | 


W^ 


Ex. 28. A commercial sulphuric acid contains 989, by weight of 
pure sulphuric acid. Its density is 1°82 gram[c.c. What volume of 
the acid will be required’ to prepare 500 c.c. of 0'5(N) H,SO,- 
solution ? 
100 grams of commercial sulphuric acid contain 98 grams of 
H,SO;. 
100 
1°82 

2 gram-equivalent of H,SO,, 
18 


c.c. of commercial sulphuric acid contain 98 grams or 
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1000 c.c. of commercial sulphuric acid contain 
d —36:4 gram-equivalent of H,SO,. 


Strength of commercial sulphuric acid=36°4(N) 
Let xc.c. of the acid be required to prepare 500 c.c. of 0°5(N) 
H,SO,-solution. 
x X 36°4= 500 x 0°5 


_ 500 x05. 
x= ei 9 868 c.c. 


The required volume 6:868 c.c. 


Ex. 24. In what proportion by volume an acid of strength 
0°7(N) and an alkali of strength 0:3(N) are to be mixed in order 
to get a (i) neutral solution, (ii) 0'04(N) acidic solution and 
(iii) 0*04(N) alkaline solution ? 


Let us suppose that x C.C. of 0°7(N) acid solution and y c.c. of 
O*3(N) alkaliné solution are mixed together, The volume of the 
mixture is (x+y) c.c. 


x c.c. of 0*7(N) acid solution zx x 0*7 c.c. of 1(N) acid solution. 
y c.c. of 0°3(N) alkaline solutiongy x03 c.c. of 1(N) alkaline 
solution. 
(i) If the mixture is neutral, then 
xx072zyx03 
x_3 
y 7 : 
. Hence, the. acid solution and the alkaline solution are to be 
mixed in the proportion (by volume) of 3 : 7. 
(ii) If the mixture is 0*04(N) acidic, then 
xx0'7>y x03 
,. The unneutralised acid solutions (x x 0*7 — y x 0:3) c.c. of 
1(N) acid solution. 
After mixing the solution, (x+y) c.c. of 0:04(N) acidic solution 
is produced. 
(xx0:7 -y x0:3)x 1=(x+y) x004 


Hence, the solution of the acid and the solution of the alkali are 
_to be mixed in the proportion (by volume) of 17 : 33. 
(iii) If the mixture is 0*04(N) alkaline, then 
yx0327xx07 
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Unneutralized alkali solution 
= (yx 0°3 —x x 0*7) c.c. of 1(N) alkali solution. 


After mixing the two solutions, (x+ Y) c.c. of 0*04(N) alkaline 
solution is produced. 


(x+y) x 0:04— (yx 0:3 —x x 0°7) x 1 
13 
ear 
. Hence, the acid solution and the alkali solution are to be mixed 
in the proportion (by volume) of 13 : 37. 


EXERCISES 


1. Define equivalent weight and gram-equivalent weight (a) of an acid, 
(b) of a base and (c) of a salt. 
2. Define (a) concentration (b) normal solution and normality (c) molar 
solution and molarity and (d) formal solution and formality. 
VE would you prepare a normal and a decinormal solution of sulphuric ' 
aci 
3. Describe the procedure kaown as titration. You are supplied a bottle of 
sulphuric acid of approximately 0°1(N) in strength, How will you determine its 
exact strength ? 
4. Show that the product CV represents gram-equivalent weight when V is 
measured in litres, and milli-equivalent weigbts when V is measured io millilitres, 
5. You are given a mixture of caustic soda and sodium carbonate. Describe 
how you will determine the percentage composition of the mixture, 
6. Explain the following : 
(a) 10c.c. of I(N) sodium carbonate solution requires 5 c.c. of 1(N) HCI for 
neutralisation if phenolphthalein is used as indicator, [ H.S., 78] 
(b) Phenolphthalein is used as an indicator in the titration of weak acid 
with strong base. 
(c) The end point in the titration of an acid with a base is not always in a 
neutral solution. 
(d) Aqueous solution of HCI turns blue litmus red but dry hydrogen chloride 
gas does not turn blue litmus red, 
(e) When a strong base and a weak acid are mixed in chemically equivalent 
quantities, the resulting solution is not neutral but is basic. 
(f) In all chemical reactions, the numbers of gram-equivalent of the reactants 
and products are equal. 
(g) When a strong base and a strong acid are mixed in chemically equivalent 
quantities, the resulting solution is neutral. 
(h) In the titration of the aqueous solution of NasCOs, with aqueous solution 
of H2SO4, methyl orange is used as an indicator instead of phenolphthalein. 
7. Arrange the following aqueous solution in the order of decreasing acidity : 


1P HNOg, IFHCL 1F NH,OH, IF CHsCOONa, IF CHsCOONH,, 
if NH,CI. IF CHsCOOH 
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8. Indicate whether the following statements are true or false, Explain your 
answer : 

(2) 1(M) H380, solution is stronger than 1(N) H,SO« solution. 

(b) 20 c.c, of 27M) HaSO, solution just neutralise 20 c.c. of 2(M) NaOH 
solution. 

(c) A2P solution of sodium chloride, NaCl, is a 2M solution. 

(d) Equal volumes of solutions of equal normality contain the same number 
of moles. 

(e) 5 grams of NaOH neutralise more acids than 5 grams of Na,COs. 

f) Scc. of 2M HsPO, solution and 5c,c. of 2M H,SO, solution contain 

the same number of molecules. 

(g) Any acid contains hydrogen, but any compound containing hydrogen is 
not an acid. 


9. Calculate the equivalent weight cf the compound underlined in each of 
the following equation : 


(x) Ca(OH)s- HsPO, e CaHPO,-2H2O L Ans. 49} 
(b) 3NaOH.r HgPO, =NasPO.+3H,0 [ Ans. 3266] 


() 2NaOH+COg=NasCOs+Ha0 (Ans, 22] 
(d) CaCOs4-CO;- H3O =Ca(HCOs)o (Ans. 81] 


Problems 
1. Calculate tbe weight of solute in each of the following standard solutions : 
(a) 100c.c.of Ñ H,SO, (b) 25 ec. of IN) KOH. (c) 100 c.c. of AJ 


HNO, and (i) 25 c.c. of Ù NaOH. 
[ Ans, (a) 0:49 gram, (b) 14 grams. (c) 0:063 gram. (d) 0°04 gram. | 
2. Wee. N solution of HNOs is neutralised by 22°5 c.c. of sodium 


carbonate solution, Calculate the strength of sodium carbonate in (a) normality, 

(b) in grams per litre of the solution. [ C, U., '16 
(Ans. (a) 0089 (N) 5 (b) 47717 grams ] 
3, What volume of 10% solution of sodium carbonate will be required to 
neutralise a litre of a solution containing 49 grams of sulphuric acid. [ C.U., '12.] 
[ Ans. $3cc.) 
4, 20 c.c. of a solution of HySO, neutralise 21'2 c.c. of a 3 per cent solution 

of NagCOs. How would you reduce the strength of the acid to decinormal 2 

[ Ans. 100 c.c. of water to be added to 20 c.c. of the acid ] [ C. U., 28] 
5. A specimen of limestone contains 609; CaCOs. Calculate the amount of 
stone which will be required to generate just sufficient COs to convert one litre of 
1(N) NaOH solution into sodium carbonate, [ Ans. 83'3 grams. ] LC. U., 31] 
6. A solution of caustic soda which contains 4'4 grams pèr litre is prepared. 
Calculate the volume of HCl-gas at N,T.P. which when dissolved in water will 
neutralise 100 c.c. of the alkali solution. [Ans. 02464 litre ] 


[Hnts. Normality of NaOH - $011 o) 


100x011(N) NaOH - 11 c.c. of 1(N), NaOH 
Now, NaOH-4-HCl - NaCl -- H20 
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40 grams of NaOH z:36'5 grams of HCl gas=1000 c.c. of 1(N) solution. 
4 1000 c.c, 1(N) NaOH 224 litres of HCI gas at N.T.P. 
Hence, 11 c.c. 1(N) NaOH ? ] 


7. To 50 c.c. ofa solution of HCI, 25 c.c. of 0'8(N) NaOH solution were 
added, The excess of the acid in the solution required 30 c.c. of 0'09(N) NaaCO a 
solution for neutralisation. Determine the normality of the acid solution and 
the number of grams of HCI per litre of the solution. [ Cl=35°5 J 


[ C. U. 21 , C. U. B. Sc. Part-I, *63] 
[Hints : 25 c.c. of 0°82(N) NaOH (25 x 0'82) or 20'5 c.c, of (N) NaOH. * 
30 c.c. of 0*09(N) Na,COs=2'7 c.c. of 1(N) NaaCO, solution, 
++ volume of the mixture of alkalis «23:2 c.c. of 1(N) alkalis. 
Now, 50 c.c. of HC} solutionz:232 c.c. of 1(N) alkalis. 


^ Normality of HCI solution - 272 or 0:464(N). 


- Amount of HCI per litre «0:464 x 36:5 16:936 grams ] 


8. To 100 c.c. ot sulphuric acid solution, 50 c.c. of 0:2(N) NaOH were added, 
and for complete neutralisation 20 c.c. of 0'"1(N) NasCOs solution were added. 
Calculate the strength of H3SO, solution in terms of normality and in grams 
per litre, [ Ans. 0°12(N) ; 5:88 grams ] 

9, A solution of sodium carbonate is Jed by dissolving exactly 
5°83 grams in 1 litre of water, 25 ml. of this solution required 25:5 c,c. of dilute 
sulphuric acid for neutralisation. Calculate the strength of the acid in ran 
What volume of water is to be added to 1 litre of the acid to make it exacti y 
decinormal ? [ Ans. 0:078, 78 c.c. ] 

10, S0c.c. of a solution of sodium carbonate containing 20 grams of NasCOs 
wore diluted to 250 c.c. 25 c.c. of the diluted solution required 26 c.c. of a 
solution of sulphuric acid for neutralisation, Calculate the strength of the acid 
in grams per litre. [Ans. 71:05 grams ] 

li. What volume of pure ammonia at 27°C and 750 mm. pressure would be 
obtained from 10 grams of NH,CI? What volume of (N/10) HaSO, would be 
neutralised by this ammonia ? (Ans, 4°66, 1°87 litres } [ Cal. *19] 


12, A weighed amount of ammonium chloride was boiled with excess of 
strong caustic soda solution and the liberated gas was absorbed by 100 c.c. of a 
solution containing 4:9 grams of sulphuric acid, part of the acid was thus 
neutralised and the excess of acid could be neutralised by 50 c.c. of sodium 
carbonate solution containing 2:65 grams of NasCOs. Calculate the amount of 
ammonium chloride originally taken. [ Ans. 2:675 grams) [ C. U., ’55) 


13. 0'3 gram of (E34 sodium carbonate is dissolved in water and the 
solution is made upto 250 c.c, To $0 c.c. of this solution, 20 c.c. of 0:25(N) HCI 
is added and the mixture requires for neutralisation 25 c.c, of 0'16(N) NaOH 
solution. Determine the strength of impure sodium carbonate in terms of 
normality and the percentage of pure sodium carbonate in the impure sample. 
[ Ans, 0:02 (N); 88:339; ] 
14, 1:524 grams of NH4CI were dissolved in water and 50 c.c, of 1(N) KOH 
solution were added to it. The total solution was boiled till NHy ceased to be 
evolved, and was then neutralised with 30°95 c.c. of (N) HeSO,. Find the 


percentage of NHs in NH,Cl. [Ans, 21259, ] [ C.U., '31) 
15. 1:08 grams of NH,CI were boiled with 62 c.c. of (3) NaOH till free . 


from ammonia. The excess of alkali in the mixture was neutralised by 44 c.c, of 
N/4 HCl, What is the percentage of ammonia in the salt ? 


[Ans, 3148% ] [ C. U., '35] 
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16. A specimen of chalk contained calcium sulphate as imputity. One gram 
of the solid was treated with 230 c.c. of N/10 HCI solution. The excess of acid 
in the mixture was completely neutralised by 8'0 c.c. of 0°45 (N) NaOH solution. 
Calculate the percentage of chalk in the sample. [Ans 97%] [ C. U., 43] 

17. An aqueous solution of a dibasic acid containing 0'315 gram requires 
3571 c.c. of 0 14(N) caustic soda solution for complete neutralisation. Determine 
the molecular weight of the acid. [ Ans, 126] 

18. 2:205 grams of a dibasic acid are dissolved In water and the volume is 
made upto 250 c.c. 25 c.c. of this solution require 22:5 c.c. of 0°2(N) sodium 
hydroxide solution for neutralisation, Calculate the molecular weight and 
equivalent weight of the acid. [Ans. 98,49] 

19. 560 c.c. of gaseous hydrochloric acid measured at N.T.P. were passed 
through a solution of NaOH. After the reaction, the solution still remained 
alkaline. In order to neutralise the solution completely, 50 c.c. of 1°5(N) H2SO. 
were added to it. . Calculate the total quantity of alkali in the solution. 

[ Ans, 4°00 grams | 


20. 0°33 gram of a metal}was treated with 50 c.c. of (5) sulphuric acid: till 


the metal dissolved. completely. The resulting solution required 15 c.c, of 1(N) 
sodium hydroxide solution for neutralisation. Calculate the equivalent weight 
of the metal ? [Ans 33] 

21. 1 gram ofthe carbonate of a metal was dissolved in 30 c.c. of 1(N) HCI 


solution, The resulticg liquid required 50 c.c. of 5 NaOH solution to neutralise 


it completely, Calculate the equivalent weight of the carbonate. [ Ans. 50] 

22. An excess of ferrous sulphide is added to 75 c.c. of dilute sulphuric acid 
and the volume of hydrogen sulphide set free measured 280 c.c. at O°C and 
760 mm, pressure. What is the normality of the acid ? [ Ans, 0:333(N)] 

23. Calculate the quantity of a sample of sodium carbonate which contains 
80% carbonate and 2095 bicarbonate, that should be dissolved in water to make 
1 litre solution so that it will require an equal volume of 0°5(N) sulphuric acid 
solution for complete neutralisation. [ Ans. 286 grams } 

24. 16 grams of a mixture of sodium carbonate and bicarbonate were 
dissolved in water and the volume was made upto 250 c.c. 25 c,c. of this solution 
neutralised 20 c.c. of 0°125(N) H,SO, solution. Calculate the percentage com- 
position of the mixture, [ Ans, bicarbonate - 465725, carbonate - 53:439, } 


25. SO, prepared by the action of excess of strong sulphuric acid on 3:15 
grams of copper is passed through a litre or sodium carbonate solution. Find 


tlie weight of unchanged sodium carbonate. [ Ans. 5°3 grams ] 


26. A sample of dilute sulphuric acid measuring 50 c.c. when treated wi 
1 gram of CaCOs evolved 150 c.c. of CO, measured at 27°C an Me eit 
pressure. Calculate the strength of the acid in grams per litre and the amount 
of CaCO; remaining unchanged, L Ans. 10996 grams ; 04392 gram | 
27. A standard KCI solution is made by dissolving 7°46 grams of t iA 
a litre of the solution. 25 c.c. of this solution Es 20 i of a ane aan in 
AgNOs to precipitate all the chloride as silver chloride. Calculate the normality 
of AgNO; solution and also the amount of AgCI formed. 


[Ans. 0-125(N) ; 03587 gram | 
28. 20 c.c. of a mixture of nitric acid and hydrochloric acid when treated 


with excess of silver nitrate solution, gave 0°8 gram of silver chloride, 100 c.c. 
of the same mixture required 40 c.c. of 1(N) NaOH solution for neutralisation. 


e 
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Calculate the weight of nitric acid and hydrochloric acid present in 1 litre of the 
mixture. [Ans HCI ; 10°174 grams; HNOs, 8'14 grams } 


29. (a) A laboratory bottle is labelled 12N HCI. How would you make from 
it 20c.c. of 3N HCI? [Ans. Scc. of 12(N) solution is to be diluted with 
water to 20 c.c. ] [ H. $.,778] 

AY 5:6 litres of dry ammonia gas at S.T.P. is passed through 1 litre of 
1( SO.. What volume of 0'i(N) KOH will be required to neutralise the 
mixture ? [Ans. 7°5 litres ] [ H. S., '78] 


30. (a) What is the molarity and molality of a 13% solution (by weight) o! 
sulphuric acid? Its density is 1:090 g/ml, To what volume should 100 ml. 
of this acid be dilated in order to prepare a I:S(N) solution ? 

(Ans. 1:44, 153, 192 c.c. ] LI. I. T., 78] 

(b) Two litres of ammonia at 30*C and at 0'2 atm pressure neutralised 
134 ml. of a solution of sulphuric acid. Calculate the normality of the acid. 

[ Ans. 0'12(N)] LI. I. T., '78] 

31. (i) A solution of a mixture of potassium chloride and potassium 
hydroxide was neutralised with 120 ml. of 0*12(N)HCI. Calculate the amount of 
KOH in the mixture, (ii) After titration, the resultant solution was made 
acidic with nitric acid. Then excess of silver nitrate solution was added to 
precipitate the silver chloride which weighed 3'7 gram after drying. Calculate 


the percentage of potassium hydroxide in the original mixture. 
[ Ans., 0:8064 gram , 48/7195 ] [I I. T., '73] 


32. Conc. sulphuric acid has a density of 1°84 g/ml. at 25°C and contains 
98 percent of acid by weight. What volume of the concentrated acid should 
be used to prepare 1000 litres of 0*5 molar sulphuric acid solution at 25°C. 

[Ans, 27°17 litres ] (1.1. T., 71] 

33. Upon heating a litre of a N/2 HCl solution, 2:675 gram of hydrogen 
chloride is lost and the volume of the solution shrinks to 750 ml. Calculate 
(i) the normality of the resultant solution, and (ii) the number of milli- 


equivalents of HCI in 100 ml, of the original solution. 
[ Ans, 0'569(N), 50] [ I. I. T., '75 ) 


34. Calculate the molarity of a concentrated solution of sulphuric acid which 


is labelled to be 9895 sulphuric acid by weight and whose specific dum is 1:84. 
[Ans 184] (I. I. T., 74. 


35. 25c.c. of a 1-05 M Na4CO5 solution require 20:1 c.c. of a solution of 
sulphuric acid for neutralisation. What volume of this acid is to be diluted so 


as to prepare 1 litre of exactly 15 sulphuric acid solution ? What indicator 


would you use for this titration? — [ Ans. 7692, Methyl orange) [ H.S., '72] 
36. A 10 ml. portion of (NH,)s SO, solution was treated with an excess of 
NaOH. The ammonia gas evolved was absorbed in 50 ml. of 0'IN HCI, 10 ml. 
of0'2N NaOH was required to neutralise the remaining HCl. How many 
grams of (N H,4)SSO, are in a litre of solution. [ Ans. 19:8 grams] [I. I. T., '74] 
37. 1 gram of a mixture, consisting of equal number of moles of car- 
bonate of two alkali metals, required 44'4 ml. of 0'5N hydrochloric acid for 
complete reaction. If the atomic weight of one of the metals is 7. find the 
atomic weight of the other metal. What will be the total amount of sulphate 
formed on quantitative conversion of 1 g. of the mixture into sulphates ? 
[ Ans. 23,1'4gm.] [L L T. 72] 
38. A sample of a metal (M) carbonate was neutralised by 10 ml. of O'I(N) 
hydrochloric acid and the resulting chloride gave 0°0517 gram of the phosphate 
[Ms(PO,)s]. Calculate the equivalent weight of M (the formula of phosphoric 
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acid is HgPO4, What other experimental data would you require’ to determine 
the atomic weight of M? Indicate the method based on this data. [ I. I. T., '68 | 


[ Ans. 20°03 J 
49. 60 c.c. of OIN HgSO, solution are mixed with 40 c.c. of 0:2N HCI 
solution. Calculate the strength of the resulting solution. [Ans. 0'I4N | 


40. In what proportion by volume, would a solution of 0'04(N)HCI be 
mixed with a solution of 02(N)H2SO, to produce a solution of exactly decinor 
mal? [Ans 5:3] 

41. 1°66 gram of a dibasic organic acid when burnt in air gives 3°52 


gram of carbon dioxide and 0:54 gram of water. 100 c.c. of + Ba(OH)s 


solution is required to neutralise 0°83 gram of the acid. Deteremine the mole- 
cular formula and structural formula of the acid. 
Ans. CsHe0,, CeH,(COOH)s 
42. 1 gram of oleum is diluted by mixing with water. The solution requires 
44 c.c. of U'5(N) sodium hydroxide solution for neutralisation. Calculate the 
percentage of free sulphur trioxide in oleum. [ Ans. 34:667 | 
(Hints : [SOs+2NaOH - NasSOs t H20 ; H280,--2NaOH - Na,SO, 2H ,Oj 
43. In what proportions 0°4(N) acid and O'S(N) alkali solution are to be 
mixedinorder to get (i) neutral solution, (ii) 0'4 N) alkaline solution and 
(iii) O'N) acidic solution ? [Ans. (i) 5:4 (ii) 4:5 (iii) 2:1) 
44. 10 c.c. of a solution of HCI exactly neutralise 15 c.c, of a solution of 
NaOH. Also 10c,c. of the same HCI solution, when treated with excess of 
AgNOs solution give 01435 gram of AgCl. Find out the strength of NaOH 
solution in gramsjlitre. (Ag=108) [ Ans. 2667 gram/litre]. [ J. E. B., 75 J 
45. In what proportion 0°2(N) of an acid iy to be mixed with 0°5(N) of 
another acld to get a resultant solution of 0°3(N) strength ? [Ans 2:1) 


CHAPTER IX 
GENERAL PROPERTIES OF GASES 


Introduction. When agiven quantity of a gas is enclosed in 
a vessel, it spreads uniformly throughout the entire space of the 
vessel, whatever may be the volume of the vessel. In other words, 
a gas is ae be mea Again, the gases are also easily 
compressed. Let us consider a cylinder (fig 9.1) containin; 5 
The" cylinder is fitted with a d (fig 9.1) "uuo d ido 
movable piston. It is possible 
to exert pressure on the piston 
by adding weights. If we 
exert a very small pressure 
on the gas by placing a very 
small weight on the piston, 
the volume of the gas does 
not decrease, This proves that 
the gas itself is exerting an 
opposing pressure. Now, if 
we increase the pressure on 
the gas by placing large 
weights so that it exceeds 
the opposing pressure, the Fig. 9.1 
volume of the gas will decrease somewhat. The more is the pressure 
on the gas, the smaller will be the gas volume. Thus, there exists 
a relationship between the volume occupied by a specified quantity 
of gas and the external pressure which is exerted upon it. fi 

Again, it is a common experience that gases expand when heated 
and contract when cooled. Thus, three variables are involved in the 
study of physical behaviour of any given mass of a gas—Pressure 
(P), temperature (T) and volume (V). The relationship between 
any two of tbe three variables may be studied, provided the other 

variable remains constant. 


We shall discuss three possi- 
ble relationships : (1) Boyle's 
law relating pressure and 
volume, temperature being 

A held constant, (2) Charles’ 
law relating temperature and 
volume, pressure being kept 

V constant, and (3) Gay- 

Law of Charles Lussac’s law relating tempe- 

: rature and pressure, volume 
Fig. 9.2 being held constant. 


Change in volume of a gas with pressure: Boyle's law. 
fn 1662, Sir Robert Boyle (1617-1691), an English edentist, deters 
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mined experimentally the relationship between the volume of a 
given mass of gas and the external pressure which is exerted upon it.. 
He summarised his experimental results in the statement now called 
Boyle’s law. It may be stated as: At constant temperature, the 
volume occupied by a given mass of a gas is inversely proportional 
to the pressure. 

If P is the pressure and V is the volume of a given mass of a gas, 
then Boyle's law can be expressed mathematically as : 


V« i when temperature is constant. 


1 
, V-K4 
mE P 
where K is a proportionality constant, the value of which depends. 


on the mass (or weight) of the gas and the temperature. 


i At any other pressure P,, if the corresponding volume is V;,. 
then 


or PV=K, (9:1) 


P, V,=K (9:2) 

Thus, for a given mass of any gas at constant temperature, the 
product of the pressure and the corresponding volume such as P, 
and V, ; P, and V,; P, and V,, etc., will be equal to the same — 
constant value, i.e., 

P, V, 2K; P, V,—-K ; P, V,—K, etc. 

Hence; P, Vy=P, V,—P, Vs= Et SP (9:3) 

That is, at constant temperature, the product of the pressure and 
the corresponding volume of a given mass of a gas is constant. 

Vy 
Now, P, V, —P, V. ; XA | 
The volumes obtained by applying different pressures at 0°C on 


4 grams of helium are given in table 9.1. Itis found that the 
product PV is constant. This illustrates Boyle's law. 


Table 9.1 
Pressure (atmosphere) Volume (liter) PV (atmosphere- 

‘p> sys. liter) 
10852 | 20°65 QA Fete ty 
1 0020 | 22:37 22°41 
0:8067 | 27718 22-41 
0°6847 3273 22:41 
0:5387 | 4161 2241 
0:3550 | 6310 2241 
0:1937 115:65 2241 


In order to represent graphically the relation between pressure 
and volume, the volumes are represented along ordinate and the 
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pressures along abscissa The nature of the curve is shown in 
fig. 93 (a) which represents graphically the Boyle’s Law. 


Ts | T3 


| 3 | | ; 


T DX T 
; [oris posset ort 
v —— Po 
Ts » To T, Ta > To > Ti 
Fig. 9.3(a) Fig. 9 3(b) 


The curve in fig. 9:3(a) is called “isothermal” since they repre- 
sent the behaviour of gases at constant temperature. 


The relation between pressure and density. Boyle’s law can 
be extended to deduce the relation between pressure and density of 
a gas. Let a givenmass m of a gasat a constant temperature 
possesses a volume V, and density p, at pressure P,, and volume 
V, and the density p, when the pressure is P,. Since the mass of 
the gas remains constant, we have 


fim y. and ny. 
Hence, pı V; —psVa—m or, aey (9:4) 
Again, from Boyle's law : 
P, V,=P, V, or By (9:5) 


From (9:4) and (9*5) we get era or, P1 —P*-—- K (constant) 
3 2 


IP; Pe 
(9:6) 
P,-Kxp,; Ps=KX pe 
Hence, P « p 

Therefore, the density of a given mass of a gas at constant 
temperature is directly proportional to the pressure. 

Change in volume of a gas with temperature : Charles’ law. 
Let us consider how the volume of a given mass of a gas varies 
with change in temperature ifthe pressure is kept constant. It is 
a common experience that when a gas is heated, its volume increases 
and when it is cooled, its volume decreases. The numerical rela- 
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tionship between the increase in temperature and the corresponding 
increase in volume was determined experimentally by J. A. Charles 
and J.L. Gay-Lussac. Their experimental data can be expressed 
in a statement known as Charles’ law. The law may be stated as 
follows: ‘‘Under constant external pressure, the volume of a given 
mass of a gas increases or decreases by sys of its volume at 0°C for 
each 1°C rise or fall in temperature." 

Let us start the experiment with 273 ml. of a gas at 0°C and at a 
pressure of 1 atm. When the temperature is increased or decreased 


by 1°C, the increase or decrease of volume will be $23—1 ml. 


Therefore, when the temperature is increased from 0°C to 1°C, 
the volume becomes (273+ 1)=274 ml. 


When the temperature is increased from 0°C to 2°C, the volume 
becomes (2342275) - 21342115 ml. 


When the temperature is increased from 0°C to 10°C, the volume 
becomes (273+10775)=273+10=283 ml. 


When the temperature is increased from 0°C to 100°C, the volume 
becomes (2734+100273)=273+100=373 ml. 
273, 

In the similar way, 


when the temperature is lowered from 0°C to —1°C, the volume 
: becomes (273 — 1)—272 ml. 


When the temperature is lowered from 0°C to —2°C, the volume 


becomes (273 af ay) =273 -2-271 ml. 


When the temperature is lowered from 0°C to — 10°C, the volume 


DENEN CO. 
becomes (273-10573)=273 10=263 ml. 

When the temperature is lowered from 0°C to —273°C, the 
volume becomes (273273573) =273-273=0 ml. (9*7) 


At constant pressure, the volume of a gas thus depends upon 
temperature. Let usassumethata given mass of a gas occupies 
the volume V, at 0°C. At any higher temperature ¢°C, it then 
"occupies the volume V,. Therefore, we have 


V,— V, expansion (9:8) 


The expansion for 1°C rise in temperature is Vo. Hence, for t°c 
p 273 


rise in temperature, the expansion is x Xi 
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From (9.8) we get 
Le M A tN Y. i 
V. Vea Ve.) 503 734-1) (9:9) 


When t=— 273°C, V,—0. 

The absolute temperature. From (9*7) and (9:9), we find that 
ifthe temperature is lowered to —273°C, the volume of the gas. 
becomes 0 c.c. This means that the gas occupies no volume at 
—273°C. Although this condition could not be realised experi- 
mentally because all gases liquefy before —273'C is reached, the 
temperature of —273^C is a very important one. It is the tempera- 
ture at which, in theory, the volume occupied by the gas would 
become zero. This temperature is called the absolute zero and is the 
foundation of a scale of temperature which is not man-made like the 
centigrade and fahrenheit temperature scales but rather is based. 
upon a natural behaviour of matter. 


The absolute scale of temperature. The relation between. 
the absolute and centigrade scales Absolute 
of temperature. A new scale of Centigrade temperature 
temperature may now be defined 
which has its zero 273 degrees 
below the zero on the centigrade — '9? 

Scale. This new temperature scale 
is called the absolute temperature 
scale (symbol “A) or the Kelvin , 
temperature scale (°K) in honour 0 273: 
of Lord Kelvin who formulated it. 

The magnitude of the degree, and 
hence an interval is identical on 

both scales. Thus 0'K becomes 
—273°C and 0°C becomes 273^K. 
Hence, 100°C becomes 373°K. 

The relation between Centigrade 

scale and the Kelvin scale is thus 

given by T (K)=t(°C)+273 ; or, 

t C)- TCK) — 273. (9:10) 

Thus, to convert Centigrade to ` 7273 0 
Kelvin, we add 273 to the centi- Fig: 94 
grade temperature; to convert OSA 
Kelvin to Centigrade, we subtract 273 from the Kelvin temperature. 


From equation (9:9), we may now write 
—Ys. EN, 41y 
V—5344 01307574 T (9:11) 
where V is the volume at t°C 


Fora change of temperature, /,, above 0°C, the volume V, is 
given by 


373 
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EVI =Vo : 
Vi=595 Q3 1)—55 T (9:12) 


where T and T, are the absolute temperatures. 


Hence, 


X aou HL, OL, 

WV xD wn n) Tm 

"le Vv V, 

Similarly, -=—*=_*=constant=K (say) 
TUE T: 


or, pak s. V=KxT (9:13) 
where the constant K depends upon the quantity of gas and the 
pressure, Hence, V « T. 


Hence, the Charles’ law may be stated thus: At constant pre- 

ssure, the volume of a given mass of a gas is directly proportional to 
_ the Kelvin or absolute temperature. 

The Charles’ law is represented graphically below. In fig. 9:5, 
volumes of a given mass of a gas is plotted against absolute tem- 
peratures at a constant pressure. The straight line indicates that the 
volume varies directly with temperature. Both the lines ‘point’ 
to the origin but both are dotted to indicate that before 0°K is 
reached the gases liquefy and then solidify. 


P = constant 


Volume (c.c) —» 
Volume (Vt) 


©. Temperature (CK) ——> © Temperature (tC) 


Fig. 9.5: L — for volume of the gas Fig. 9.6 
which is 273 ml. at 273*K. M — for 
volume of the gas which is 100 ml. 

at 273^K. 


The curves in fig. 9.5 and 9.6 are called **isobars'" because they 
represent behaviour of gases at constant pressure. 
When volumes ofa given mass of agas is plotted against tem- 


.peratures on the centigrade scale at a constant pressure, a curve like 
that in the fig. 9.6 is obtained. 
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In fig. 9.7 volumes of a given mass of a gas are plotted against 
temperatures at different constant pressures. It is seen that all the 
dines meet the X-axis at —273°C or, UK. 


‘Wolume—» 


* 


—273¢ | —200 —100 0 100 200 300 
OK 73 173 273 373 473 573 


Fig. 9.7: Change of volumes of gases with temperature at different 
constant pressures. . 


Gay-Lussae's law. The numerical relationship between tem- 
yperature and pressure at constant volume: may be given in a state- 
ment known as Gay-Lussac's law. The law may be stated as : 


At constant voiume, the pressure exerted by a given mass of a gas 
is directly proportional to its absolute temperature. 
+» Gay-Lussac's law can be expressed mathematically as : 


P«T when V is constant 


or, P=KT or, rok. ; (914) 
For thesame sample of a gasat constant volume but for difterent 
‘temperatures T, and T,, we have 


P,_Ps_x¢ or, P, T, 
1 Ts Rang 


The relationship between pressure and temperature at constant 
volume is illustrated graphically in fig. 9.8(a) and 9.8(b). The curves 
in fig. 9.8(a) and 9.8(b) are called ‘isochore’ because they represent 
‘the behaviour of gases at constant volume. 

Anexperimental test of thelaw may be made in the following 
manner : 
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Antin canis filled with air and tightly closed. Ifthe can ‘is: 
heated, the walls of the can will bulge out indicating that the: 


| V constant 


pressure 
Pressure (Pt) —*- 


0 temperature ( *K ) ——5» © Temperature (tC) > ^ 


Fig. 9.8(a) Fig. 9 8(b) 
pressure inside the canis increasing. Ata high enough tempera- 
ture, the can would burst, 


The relation between temperature and density. Let p, and p, 
be the density of a given mass m of a gas at temperatures T,°K and. 
T,'K respectively. By Charles' law, 


Vind (at constant pressure) where V, and V, are volumes of 
1 2 
the gas at temperatures T,°K and T,°K respectively. 
Via: 
or, i-i 9°15 
VE (915) 
Since the mass of the gas remains constant, we have 
m m m.V, V e 
-—- and p,-——— Pg (oy imla 9:16 
Pa Vedi Ps V; Or, ds V, m v, ( y 
From (9:15) and (9°16), a ss p Tp, T, —K (constant) 
1 3 
(9°17), 
pT =K (constant) or, =F or, p <i 


Thus, pressure remaining constant, the density of a given mass of 
a gas varies inversely as the absolute temperature. 


The combined or ideal gas law. In chemical work, one is often 
interested in the variation of the volume of a gas with both tem- 
perature and pressure. In sucha case, both the law of Boyle and 
Charles can be combined elegantly into a single equation, 


Let V be the volume of agiven mass of a gas at pressure P and. 
at temperature T"A, Then 
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(i) By Boyle’s law, V« i when T is constant. 


(ii) By Charles’ law, V « T when P is constant. 


Hence, V « » when both T and P vary. 


or, V=K T where K is constant. 


or, =K (918) 


Since this is true for the general case, it must be true for any 
particular case ; thus we write 
PV. k.PR,Va P.V. PVs 9-19 
puppe. N ru mio 
where P,, V, ; Ps, Va; Py, Vg; ..are the pressures and volumes 
of the same mass of gas at absolute temperatures T,, T,, Ts,---.-- 
respectively. 

The equation 9°18 is known as equation of state. The value of 
the constant K is proportional to the quantity of gas. Let the 
quantity of the gas be one mole (one mole centains 6 023 x 10** 
molecules). According to Avogadro’s hypothesis, one mole of all 
gases under the same conditions of temperature and pressure 
occupies the same yolume. Hence, the value of K is the same 
for one mole of all gases, independent of the conditions under 
which measurements are made on the gases. The value of the 
constant K when one mole of gas is taken, is known as molar gas 
constant and is denoted by the special symbol R. Hence, for one 
mole of the gas, the equation (9°18) assumes the form 


SR or, PV=RT 


where V is the volume of 1 mole of the gas. 

Now, V is the volume of!mole ofa gas at pressure P and 
temperature T. Then the volume of n moles of the gas at the same 
pressure (P) and temperature (TK) is given by 

nxV=v 
Hence, for n moles of the gas 

Pxnx V=nRT 

Pxv—nRT (9:20) 
where v is the volume of n moles of the gas. 

The equation (9°20) is known as the ideal or perfect gas law. 
There are four variables, any one of which can be calculated if the 
other three are known. 


If*g' grams lofa gas of molecular weight M are taken under 
19 
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consideration, then the number of moles, n= ý Hence, thë equation 


(9:20) becomes Peg RT. (9:21) 


The equation (9:21) may be modified further ‘to correlate 
density ; 
£g RT CORB . mas  gY i 
ae x M or P=p i since Be lunio y, (9:22) 
Combined effect of temperature and pressure on the density 
of gases. 
Let p be the density of a given mass of a gas at temperature T°K 
and at pressure P. Then 
(i) by Boyle's law, p< P. when T is constant. 


(ii) by Charles' law, p. « T when P is constant. 
P 


Hence, p « T when both P and T vary. 
or, p=K z where K is a constant. 


or, e (9:23) 


If ps; pa» pa»...be the densities of the same mass ofa gas at 
temperatures T,, Ta, T, ...and at pressures P,, P}, P,, ..., then 


Ti Pals PST ort 9 =k 
P, P. P, lee ted 
Hence, pT = PTa = PsTs = Pals (9°24) 


P P, P, P, 

Deviations from the gas laws- Ideal and Real gases. 
The laws of Boyle and Charles are not obeyed exactly by the 
gases over an extensive range of temperature and pressure. 
In other words, experimental determination is not in exact 
agreement with the theoretical calculation. At ordinary tempera- 
ture and pressure, such deviations from the gas laws are not large 
but the deviations are larger, the lower is the temperature. At 
high pressures, the deviations are also very large. The concept 
of a gas which would obey the gas laws exactly is, however, of 
great value to scientists. Agas which obeys gas laws under all 
conditions of temperature and pressure is called an ideal gas. Real 
or actual gases, on the other hand, do not behave strictly in 
accordance with the gas laws. The following are, therefore, the 
criteria of the ideality of a gas : s à 

(G) it will obey exactly the idealised gas equation 
P v=nRT 
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(ii) the volume of an ideal.gas would be zero at 0°K. 

No. such gas {ideal gas) really exists in nature. Real gases 
are said to be more or less ideal by the degree to which they 
approximate to the gas laws. Under the conditions of high tempera- 
tures and low pressures, the real gases generally approach the ideal 
behaviour. 

The numerical value of the gas costant R. The gas constant 


R is given by the expression Raby for one mole of an ideal gas, 


where P=pressure= force, V=volume, T=temperature. 


force 1 
Hence, R= = x volume x UTE per mole. 
=force x volume l per mole. 


————— 
area ^ temperature 


—force x length (i.e., distance) x per mole. 


1 
temperature 
=work per mole per degree absolute. 
Therefore, R can be expressed in absolute units of work. 
Hence, R will have different values in different systems of units. 
It is known that one mole, i.c.,a gram-molecule of any gas 
occupies 22°412 litres at N.T.P. From this fact, the value of R can 
be found out in different units as follows : 


The value of R in C.G.S, units. 

Normal pressure 76 cm of mercury. 

The density of mercury at 0°C=1 3596 grams per c.c. Therefore, 
the mass of the column of mercury 76 cm in height and | sq. cm 
in area= 13:596 x 76 grams. 

Hence, normal pressure in absolute units- 13:596 x 76 x 980*6 
dynes per sq. cm. (where g= gravitation constant — 980*6). 

V=22'412 litres 22:412 x 1000 c.c. 


T-04 273-273 ^. 
Hence, Re Eye 6x 1959x959 parta 1000 dia 


degree per mole. 
—8:315 x 10? ergs per degree per mole. 
or joules per degree per mole (since 1 joule— 107 
ergs 
‘The value of Rin calories. We have 
R=8°315 x10" ergs per degree per mole. 
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But 1 calorie=4°183 x 107 ergs, 
8:315 x 107 
4*183 x 10* 


The value of Rin litre-atmosphere. The value of R is given 
by the equation 


Hence, R— =1-985 calories per degree per mole. 


Rise for one mole of an ideal gas. 


If P is expressed in atmosphere and V in litres, then volume 
of one mole of a gas at N.T.P.— 22-412 litres ; normal presssure=1 
atmosphere and T—0-4- 273—273 ^A. 


R= 1x22) 9821 litre-atmosphere per degree per mole. 

The students should memorise the values of R in different units. 
These are given below : 

R=8'315 x 107 ergs per degree absolute per mole. 

=8°315 joules per degree absolute per mole 
==0'0821 litre-atmosphere per degree absolute per mole. 
—1*985 (nearly 2) calories per degree absolute per mole. 

The approximate value R=2 calories per degree absolute per 
mole finds many applications in the discussion of the problems 
concerning gases. 

The normal temperature and pressure. From the general 
gas law, it is clear that the volume of a given mass of a gas 
will depend both on the absolute temperature and on the pressure. 
It is usefulto express the amount ofa gas in terms of volume, but 
obviously this would have no meaning unless temperature and 
pressure were also specified.: For this reason, a standard tempera- 
ture and pressure have been agreed upon as a basis for comparing or 
stating gas volumes. The standard or normal temperature is 0C. or 
273'K andthe standard pressure is 1 atmosphere at. sea level (or 
760 mm. of mercury). These standard conditions are also called 
normal (or standard) temperature and pressure and are often abbre- 
viated as N.T.P. or (S.T.P.). 


Dalton’s law of partial pressure. John Dalton (1800) after many 
measurements upon mixtures of gases which do not react chemically 
enanciated the law known as the law of partial pressures. It 
states that the total pressure of a mixture of gases is equal to the 
sum of the partial pressures of the gases ín the mixture. 

The partial pressure of any component of a mixture of gases 
is defined as the pressure which the component would exert if it 
existed alone in the volume occupied by the mixture at the same 
temperature. DU. 

Let us suppose that a quantity of a gas A is enclosed in a 1-litre 
vessel. Let this gas hasa pressure of 0'5 atm at 0 C. Let another 
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gas B enclosed in another 1-litre vesselat the same temperature 
hasa pressure of 0°75 atm. When both the gases are placed ina 
single 1-litre vessel, the total pressure of the mixture will be 
(0°5+0°75)=1:25 atm. The partial pressure of the gas A in the 


Gas B 
V= 1 Litre 
Pp=075 atm 


Gas A 
V =1 Litre 
Pa=05atm 


Gas A+Gas B 
V=1 Litre 


Empty 
P=0 
V =1 Litre 


Fig. 9.9 


mixture is 0'5 atm and that of B inthe mixture is 0'75 atm pro- 
vided the temperature remains constant in all cases, 


Calculation of partial pressures. The gas laws are applicable 
not only to individual gases but also to mixtures. of gases. Let n, 
moles of A, n, moles of B and n, moles of C are mixed together 
and the volume of the mixture be V. The partial pressures of A, 
Band Care P,, Pp and Pg respectively. The total pressure of the 
gas-mixture is given according to Dalton’s law. 

P=P,+P,+Po (9:25) 

Now, the gas A has its volume V under its partial pressure P ,. 


Applying gas laws, we get, 


p,V=n, RT or, PISA et (9:26) 
Similarly, p= RT and Poe eet since the temperature in 


all cases remains the same. 
Hence, we get, 


RT 
P=P,+P,+Po=n, R +n etm RI 


RT RT 
=(n; +n. +75) vh Vv (9°27) 


where N is the total number of moles present in the mixture. 
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From (9:26), p m 
ny 
From (9:27), eT rah 
PaP =" 9-28 
Hence, rH. 9 P= P (9:28) 
mpal Mmi pi 
Ren n, +n, +N, sal 
eer oe -fracti the gas A 
where x, -* 4 mole-fraction of the g 
imi EUL i IUMUUBI —L. i0 _ 
Similarly, P,—N P sve m P=x,P where x, aTh 
=mole-fraction of the gas B ; 
aipa t = —"s — =mole- 
Pe N P= h, P=x,P where xo—, Ins. m 


fraction of the gas C 
Hence, the partial pressure of a component gas of a gas-mixture 
=mole-fraction of the component gas X totalpressure of the mixture. 


Hence, it is possible to calculate the partial pressures of the 
components of the gas mixture. 

Alternatively, we can derive the expression for partial pressures 
of gases. Let V, c.c. of gas Aat pressure P,, V, c.c. of gas B at 
pressure P, and V, c.c. of gas Cat pressure P, be mixed together. 
Let the total volu ume of the mixture be (V, --V,-V.)— V c.c. 
P,, P, and P, are the partial pressures ofthe gases A, B and C in 
the mixture respectively. The total pressure of the mixture, 
according to Dalton’s Law, is given by 

P=P,+P,+Pe 
By Boyle’s law, E V,—P, V; P, V,—P; V and IP, V,—Pc V 


Hence, peii v= (wav rV vo)? 
B V4 

Bur TV, nv) 

P ie 

vot =È; TV, ERES LE 

The total pressure P=P,+P,+P, 


P= 


A^ V; a bud VAT 
SNEV y: ) Pot TV Py k 
LP, Vi +P, V.P, Vs. 
V EV:+V: 
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Pressure of gases collected over water. Dalton’s law is 
applicable to gases collected over water. In the laboratory, the 
gases which are not soluble in water are usually collected by 
the displacement of water. Some water evaporates into the space 


Mixture collected 
gas and water 
| vapour 


Fig. 9.10 


occupied by the gas and intermingles with it. Hence, we get a 
mixture of the collected gas and water vapour. The total pressure 
ofthe mixture, according to Dalton’s law, is equal to the sum of 
the partial pressure of the collected gas and the partial pressure of 
water vapour at the temperature of the experiment. The partial 
pressure of water vapour is also known as aqueous tension. 


The total pressure of the mixture is equal to the atomspheric 
pressure if the water level is the same inside and outside the bottle 
into which the gas is collected. The atmospheric pressure is 
obtained from the barometric reading. Thus, if P is the total 
pressure of the mixture, P, is the partial pressure of the collected 
gas and f is the aqueous tension, then 


P=P,+f or, P,—P-f. (9°29) 
ie., pressure of the dry gas=atmospheric pressure — aqueous tension 
at 1°C (tC is the temperature at which the gas is collected). 

Let us assume that 


(i) the volume of the moist gas at °C=V c, c. 
ii) the aqueous tension at //C—f mm. of mercury, 
(iii the barometric pressure=P mm. of mercury. 


Hence, the pressure of the dry gas=(P—/) mm. of mercury. 
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If the gas occupies a volume V, c.c. at temperature f, °C and at 


pressure P, mm. of mercury, then V, can be cal 


gas laws as follows : 
PUW CVQP-—f) 
(t,; +273) (t+273) 
M (t +273) (P f) V 
^ (0273)P, ` 


culated by applying 


(9:30) 


If the levels of water inside and outside the bottle are not the 


‘h’? mm. of water. 


Fig. 9.11 Hence P,=P—f— 


P=P, Tft 


same, the atmospheric pressure is not 
equal to the total pressure of the mix- 
ture. Letus suppose that water stands 
in the bottle at a height *h* mm above 
the water level in the trough. Then we 
get, atmospheric pressure—pressure of 
dry gas+aqueous tension+pressure of 


.h 
13.59" 


(^ the density of mercury —13.59 gm./cc) 


Bu 
13.59 


from which the pressure of the dry gas can be calculated. 
Diffusion of gases. Allgases havethe tendency to intermingle 


with one another. Thus, when a gas-jar is 
filled with hydrogen and is placed above 
another gas-jar filled with air mouth to mouth, 
the particles of hydrogen move downwards 
and penetrate the air, and air moves up- 
wards and penetrate hydrogen. The movement 
of the gases will continue until the molecules 
of the gases are uniformly spread throughout 
the entire space of the gas-jar. Finally, we 
get a homogeneous mixture of gases. This 
movement takes place in opposition to gravity 
since hydrogen which is a lighter gas moves 
downwards and the air which is a heavier 
gas moves upwards. 


The process can be clarified with the help 
of another illustration. A glass-jar is filled 
with air and a coloured gas such as bromine 
is led at the bottom of the jar. It is found 
that bromine spreads uniformly throughout 
the entire space in the vessel. This means 
that although bromine is heavier than air. 
it has moved upwards and penetrated the air 


Air 


| <4 Hydrogen 


Fig. 9.12 
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ito form a homogeneous mixture. In fig. 9.13, the upper vessel A 
is filled with hydrogen and the lower vessel B j 
with carbon dioxide. The two vessels are 
connected by means of a tube provided with 
a stopcock, When the stopcock is opened, 
hydrogen moves downwards and carbon 
dioxide upwards, although carbon dioxide 
is 22 times denser than hydrogen. After few 
hours, a uniform mixture of two gases will 
be present in both the vessels. This pheno- 
menon which is independent of gravity and 
is common to all gases is known as gaseous 
diffusion. Diffusion is a process by whicha 
gas spreads out and mixes spontaneously with 
other gases. The phenomenon of diffusion 
only takes place between gases which do not 
react chemically. The process of diffusion 
occurs even when two gases are separated by 
a porous partition such as unglazed porcelain. 


If sulphuretted hydrogen gas is allowed to 
escape from a Kipp’s apparatus placed in one 


«—— — Hydrogen 


j 


corner of aroom, 
Abeaker containing the gas spreads 
hydrogen uniformly Fig. 9.13 


throughout the 
entire space of the room within a very 
short time by diffusion and the bad 
22 smell of the gas is felt in very part o 
Wa the room. ' 
Experiments illustrating the phe- 
nomenon of gaseous diffusion. 
Experiment—I. A porous cup is filled 
with air and attached to a bottle 
provided with a fine nozzle (fig. 9. 14). 
The bottle contains water. Ifa large 
beaker is filled with hydrogen and 
lowered over the porous cup, water 
will be vigorously forced out of the 
nozzle. The explanation is simple. 
Bottle Hydrogen from the beaker diffuses 
into the cup more rapidly than the 
slower moving air diffuses out. Hence, 
more gas enters the cup than leaves 
the cup. This increases the pressure 
inside the bottle, which causes water 
Fig. 9.14 to be forced out of the nozzle. 


Experiment—II. A U-tube is filled with mercury as shown in 
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figure 9.15. One limb of the tube is connected with a porous cup 
which contains air. The two platinum wires A and B are fused with. 
the other limb of the tube and 
are connected to an electric bell. 
The platinum wire A is in 
contact with mercury while B is. 
justabove it. If a gas-jar or a. 
beaker filled with hydrogen is 
inverted over the porous cup, the: 
electric bell starts ringing. 
The explanation of this pheno- 
menon is that hydrogen diffuses 
more rapidly into the porous 
cup than air diffuses out. This 
causes the pressure of the gas 
to increase in right limb and 
mercury level in the left limb 
rises. The circuit is thus comple- 
ted and the bell starts ringing. 


Marsh gas detector by which 
dangers in coal mines are avoided. 
Fig. 9.15 works on the same principle. 


Graham’s law of diffusion. The rate of diffusion of all gases 
are not the same. At a given temperature and pressure, a light 
gas diffuses more rapidly than a heavy gas. Thomas Graham (1832) 
was the first to make a quantitative statement of this fact which 
is now known as Graham’s law. At the same temperature and 
pressure, the rates of diffusion of different gases are inversely 
proportional to the square roots of their densities. 

The rate of diffusion is defined as the volume of a gas diffusing 
per unit time. Thus, if v c.c. of a gas diffuses in ¢ seconds, then the: 
tate of diffusion of the gas is given by the expression 

rerate of diffusion —"— Volume of diffused gas in c.c, 

t time in seconds 

If r is the rate of diffusion of a gas and p is its density, them 

at a specified temperature and pressure 


rat Je parky where k is a proportionality constant. 
vp Vp 
If r, and r, represent the rates of diffusion of two gases whose 
densities are p, and p, respectively under identical conditions of: 
temperature and pressure, then 


(i) r, a or, fj a where k isa constant. 
Px 


I$ 


m 1 
li) r',«—— Or, r= 
( ) NP Hats y 


o 
n 
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Hence, ^: k METER " P2 which is the mathematical form 
e VPI k Pa 
of Graham's law, (9°31): 
Again, Dl [Pas Mu D, where D, and D, are the vapour den- 
ts pr 7D; 


sities of the two gases. Hence, if M, and M, are the molecular 
weights of the two gases, then 


fst fi JD, M. 
Pa vit, ty D, Mi QM 

Hence, at the same temperature and pressure, the rates of diffusion 
of different. gases is inversely proportional to the square roots of 
their molecular weights. Hence, hydrogen sulphide (HS) diffuses 
more rapidly than sulphur dioxide (SO,) because molecular weight 
of hydrogen sulphide is less than that of sulphur dioxide. Hence, 
by applying Graham’s law it is possible to determine the molecular 
weights of gases. 

Practical applications of the phenomenon of gaseous diffusion. 
ae practical applications of gascous diffusion are mentioned 

elow : 

(1) A technique based on gaseous diffusion is used to separate 
the isotope of uranium which is used for the construction of atomic 
bomb. This isotope is present in natural uranium to the extent 
of 0'7%. This is separated from natural uranium by successive 
liffusions of the gaseous compound, uranium hexafluoride. 

(2) The construction of **marsh gas detector" which is used as 
“danger signal" in coal mines is based on the phenomenon of 
gascous diffusion. 

(3) The phenomenon can be extended to determine the relative 
densities and molecular weights of gases. 

(4) The two gases of different densities may be separated by the 
process of diffusion. This process of separation of gases is known 
as atomolysis. 

Effusion. Effusion is a process by which a gas is forced through 
a small aperture into the air. Graham's law is also applicable to the 
effusion of gases and can be stated as: At a constant temperature 
and pressure, the rates of effusion of different gases are inversely 
proportional to the square root of their densities. 

Since the molecular weight of a gas is twice the relative density, 
we have 

ra fos J Ms (9°33) 
Ts Pi J 1 
where M, and M, are the molecular weights of the two gases. 
From equation (9:33), it is evident that the molecular weights of 
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different gases can be compared provided the rates of effusion are 
determined exprimentally. 


Bunsen’s Effusiometer. The apparatus (shown in fig. 9:16) 
consists of a graduated tube G fitted with a stop-cock. A platinum 
plate P having a very fine aperture 
Thermometer is sealed into the mouth of the 
aperture graduated tube. Ihe tube is 
placed in a cylinder filled with 
water (when the gas is soluble 
in water, mercury is used) and 
the temperature is indicated by 
the thermometer T. One of the 
two gases is admitted into the 
graduated tube until the water 
in G is forced down to the 
graduation mark B. The stop- 
cock is then opened. The gas 
effuses into the air through the 
aperture in the platinum plate 
under the pressure of the dis- 
placed water. The time taken 
for the water level in the graduat- 
ed tube to rise to the mark A 
is noted. The experiment is then 
repeated with another gas. 


Let us suppose that t, and 1, 
are the observed times in which 
equal volumes, v of the two 
Fig. 9.16 gases effuse. If r, and r, are 

the rates of effusion, then 


v v 
tS N iir 
Hence, n. (9°34) 


If p, and pẹ, and M, and M, are the densities;and molecular 
weights of the two gases respectively, then from (9-33) and (9:34) 


n Ppticanly 77 M, 
DUET C 


If molecular weight of one gas is known, then that of the other 
can be determined. 


Problems 


Ex. 1. Ata given temperature, the pressure of a as occupying 
a volume of 2 litres is 600 mm of Hg. What will be the pressufe if 
the volume is reduced to 1*5 litres without changing the temperature ? 


* 
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Let the pressure be P,, then the data given in the problem can. 

be represented as 
P,=600 mm of Hg. 
V,=2 litres; V,=1°5 litres; P,=? 

By Boyle's Law, P, V,=P.,V, 

Hence, Pom Sapa rei 900 m.m. of Hg. 

(The students should use the units of the variables in addition. 
to their numerical values. The units can be multiplied and 
divided in the same manner as the numbers). 

Ex. 2. A sample of air occupies a volume of 300 ml. at 25°C. 
If the pressure is maintained constant, what will be the temperature 
at which the volume of the same sample of air is 270 ml. ? 

Solution. Let the temperature be T,°K. Then the data 
presented in the problem can be tabulated as : 


T,=25°C+273=298°K V,—270 ml. 
V,=300 ml. T,-? 
VIV 
By Charles' law ; TT. 
—V.XT, 270ml.x298deg. ,... : 
or, T,= WETHESUW T. UTER =268'2 deg. Kelvin, 
Now, T,=t,+273 where t, is the temperature in degree centi- 
grade. 
=268'2 K 


Hence, t= -48 C. 
Therefore, the final temperature is — 4:8*C. 


Ex.3. 400 ml. of hydrogen were collected over water at 40°C 
and at 750 mm. pressure, What will be the volume of dry hydrogen 
at N.T.P. ? (partial pressure of water vapour at 40°C=55 mm of Hg.) 


Solution. P=Py,+Py,9 where P=total pressure of the 
mixture. 


Hence, Pg, —P — Pg,o —750—55—695 mm of Hg. 
Let us designate the volume of dry hydrogen by V, at N.T.P. 


Then we apply the general gas equation usns 
1 2 

P,=695 mm of Hg. P,=760 mm of Hg. 

V,=400 ml. V,=? 

T,=40+273=313°K T,=0+273=273°K. 

Heic e _Y.P,T,_ 400 ml. x 695 mm of Hg. x 273 deg. Kelv. 
+e 3 3 313 deg, Kelvin x 760 mm of Hg. 
—319:0 ml. 
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Ex. 4. A quantity ofa gas A exerts a pressure of 520 mm of 
Hg ina volume of 2 litres. Another gas B exerts a pressure of 
610 mm of Hg in a volume of 3 litres. Another gas C exerts a pressure 
580 mm of Hg in a volume of 5 litres. If the gases are placed in 
10-litre container, what will be the total pressure and the partial 
pressure of each gas ? 

Solution. First partial pressures of individualgasesaredetermined. 


For gas A. Let P, be the partial pressure of the gas. Then by 
Boyle’s law: P,V,—P,;V; 
or p,- Ria 
2 
P,—520 mm of Hg ; P,—? 
V,=2 litres. V,—10 litres. 


'Hence, p, 2520 mm of Hex? Wires 114 mm of Hg. 


Similarly, P,=partial pressure of the gas B. 
__ 610 mm of Hg. x 3 litres. . 
= 10 litres. ape eo Hg: 
__ 580 mm of Hg. x 5 litres. _ 
and Poe 1 ETT AUIT?—240 mm of Hg. 
By Dalton's law, the total pressure of the mixture is given by 
P=P,+P,+Pc 
=114+183+ 240=537 mm of Hg. 
Ex. 5. A mixture of gases contains 40 per cent of oxygen and 
60 per cent of hydrogen. The pressure of the mixture is 600 mm. 
of Hg. Calculate the partial pressure of each gas separately. 
Solution: Since the partial pressure of a gas is proportional 
ofthe gas content (v/v) of a mixture, 600 mm should be divided 
proportionally to 40 and 60. 
Hence, Po, — partial pressure of oxygen 


..600x40 . 
—-— 100 —240 mm. of Hg. 


Py, - 060.360 mm. of Hg. 

Ex. 6. A spherical balloon of 21 cm, diameter is to be filled 
up with helium at N.T.P from a cylinder containing the gasat 
21-153 atmospheres and 27°C. Ifthe cylinder can hold 4 litres of 
water, calculate the number of balloons that can be filled up. 

Solution: The radius of the spherical balloon—-- cm. 


volume of the cylinder —4000 c.c 
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Hence, the amount of the gas which the cylinder can hold at 
27 C and 27:753 atm=4000 c.c 
the volume of helium at N.T.p. — 4000 x 27:753 x273 
300x 1 
53101020°9 c.c 
Of this total volume, 4000 c.c of helium at 1 atmosphere remains 
in the cylinder. Hence, the amount of the gas available for filling 
‘the balloon is 1010209 — 4000=97020°9 c.c. 
__97020°9 
Therefore, the number of balloons=— = 20 
Ex. 7. At N. T. P. 400 c.c. of hydrogen diffuse through a 
small opening in 10 seconds and 40 c.c. of oxygen diffuse through 
the same opening in 4 seconds. If the density of hydrogen at 
'N.T.P. is 0:0899 gm. per litre, calculate the density and molecular 
"weight of oxygen. (mol. wt. of H,—2). 
ry, = "ate of diffusion of hydrogen=49°—40 c.c. per second. 


ro, =rate of diffusion of oxygen=42=10 c.c. per second. 


By Graham's law 
"ns = J Os_ Vf Mo, 
Tos du, My, 
40. 4o, 
10 0.0899 gm/litre 


d 


Dio hs d. —16x 00899 gm/lit 
Of -T.0899 gm]litre — Os gm/litre 


=1°4384 gm/litre. 
Mo, 
Again, 4= Ee or, My, =16x2=32 


Hence, the density and molecular weight of oxygen are 1:4384 
-gram/litre and 32 respectively. 

Ex. 8A mixture of nitrogen and helium contains 80%, „by 
volume of nitrogen. 20 grams of the mixture are stored in a 5-litre 
wessel at 27°C. Calculate the partial pressures of the gases. The 
idensity of the mixture at N.T.P. is 2 grams per litre. 

20 grams 
2 grams/litre 
, 710 litres. 


Solution : The volume of the mixture at N.T.P.— 


‘Let P be the total pressure of the mixture. 
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Hence, the volume of the mixture at 27°C and at P mm. of Hg is- 
5 litres. By combined gas laws, 
Px5 litres _760 mm. of Hg. x 10 litres 
(Q73+27yK 273K 
. 760 mm. of Hg x 10 litres x 300°K 
ae 273°K x 5 litres. 
16703 mm, of Hg. 


Or PR 


Volume of nitrogen at 2r c- 80x 5 ues La litres. 
Volume of helium at rca uera] litre. 


Hence, the partial pressure of nitrogen= titre x1670:3 mm. of 


Hg. 
=1336'24 mm. of Hg. 


the partial pressure of helium L Ie x 1670:3 mm. of Hg. 


—334:06 mm. of Hg. 

Ex:9. Assume the centre of the sun to consist of gases whose 
average molecular weight is 2*0. The density and pressure of the 
gases are 1*3g/c.c. and 1:12 x 10° atmosphere respectively. Calculate 
the temperature of the sun. (I. I. T., *66.] 

Solution. The volume occupied by 2 grams of the gases, i.e... 
1 gm-molecular weight, i. e., 1 mole of the gase is 

Me rg dr pis o TP 
V= 13X1000 em/litre oee 539 x 10-8 litre, 
For 1 mole of the gases, the equation of state is 


oil i cepy 
PV=RT_.. T-Y 


.,L.'12x 10° atm. x 1°539 x 107? litre yy. 
1107 0:082 litre-atm./deg, abs. ae lg MU deg. abs. 


, Ex. 10. An open vessel at 27°C is heated until three-fifths of the: 
air in it has been expelled. Assuming that the volume of the vessel 
remains constant, find the temperature to which the vessel has been. 
heated. ER T.,777] 

Let T K be the temperature at which three-fifths of the air in the 
flask is expelled. Let V be the volume of the flask. The volume: 
of the expelled air is $V. Hence, V on expansion becomes V+ 2?V_ 


2141273. T or, T=480°K=207°C 


.'. Temperature=207°C 


GENERAL PROPERTIES OF GASES 305 


Ex. 11. 40 c.c. of oxygen measured at N.T.P. were confined in a 
tube of cross-section 7:2 sq. cm. sealed at upper end, and standing 
in a trough of mercurry, the column of which stood ata height of 
15:6 cm. The pressure of the atmosphere was found to be 756 mm 
andthe temperature of the laboratory was 31°C. Calculate the 
leagth of the tube containing the gas. [C.U.,'41] 


Let the volume of oxygen inside the tube be Vc.c. 
Pressure of oxygen inside the tube—756— 156—600 mm. 
Temperature of oxygen inside the tube—31 +273=304 Ki 


P=760 mm P,=600 mm 
T=273°K T,=304°K 
V=40 c.c. NPs 
PY 2h av. y _ PVT, 760x40x304 ... 
T T SUNE PT 60x273 = 56°42 c.c. 


Let / cm. of the tube be filled with the gas. Then 

1x1:225642 ;. 1=47 cm. 

Ex. 12. At what depth in a pond will a bubble of air have one 
half of the volume it will have on reaching the surface? Given 
that barometric height=76 cm., density of mercury=13°6, and 
temperature of water in the pond=15°C. 


Let the volume of the bubble at the surface=V c.c. .'. Its volume 


below the surface of water-y c.c. By Boyle's law, we have 


76xV—P,xY where P,=pressure on air bubble below the 


surface of water, 
"no Py=76x2=152 cm. of Hg. 
Pressure on air bubble below the surface of water 
=atmospheric pressure (76 cm. Hg.)-- pressure of water. 

c. Pressure of water on the air bubble=(152—76)=76 cm, 
of Hg. 

Hence, the air bubble was 76 x 13:6— 1033°6 cm. below the surface 
of water. 

Ex. 13. There is an open bottle of air at 27°C. To what 
temperature must the bottle be subjected so that the number of 
molecules in the bottle (i) increase by 50%, and (ii) decrease by 50% ? 
Assume that the volume of the bottle remains constant. 


Let the number of molecules present in the bottle at 27°C be n, 
(i) Letus suppose thatat T,"K the number of molecules in- 


20 
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creases to (n--im) or jm. Since the bottle is open, the pressure (P) 
remains constant. Hence, PV-R R(27 4213-2 RT; 


[ V- volume of the bottle and N-Avogadró number ] 
T,=200K 
(ii) Let us suppose that at T,'K the number of molecules 
decrease to (n— in) or jn. Hence, 


v. n T UR 
PV=Ñ RQ +279) =a RT, 
T,=600°K. 


EXERCISE 


1, State Boyle's law, Write equation for it, Describe an experiment by 
which you can verify the law. 


2, State Charles’ law and Graham's law, Give the mathematical expression 
for (a) the law of Charles, (b) the law of Boyle, and (c) Graham’s law. 


3. Establish a relation between temperature, pressure and volume of a gas, 
How would you proceed practically to show the effect of change of temperature 
on the volume of a gas ? 


4. When T is constant show that the equation P,V.T, = Eae reduces to 
2 


the law of Boyle. 


5. When P is constant show that the equation P,V,/T,=PsVo/Tg reduces 
to the law of Charles, 


6. What is meant by the term “perfect or idzal gas" ? Deduce the ideal 
gas equation Pv=oRT. 


7. Deduce a relation between the density and pressure for a given mass of 
gas at constant temperature. 


8. Deducea relation between density and temperature for a given mass 
of gas at constant pressure, 


9. What is meant by "standard con*itions", Write notes on (a) ideal gas 
(b) real gas. 


14710, By means of examples show what is meant by “partial pressure". St 
*Dalton's law of partial pressure, What is aqueous tension 1 r Saate 


P*311, Explain clearly the phenomenon of diffusion and effusion. State 
Graham's law of diffusion, Describe an experiment t y 
diffuses more rapidly than carbon dioxide, P epee a Hydrpgen 


12, Discuss the meaning of the absolute temperature. 


‘+ +13, State whether each of the following pairs of variables relating to gases 
;teprosent direct or inverse proportion, 


(a) Pand V ( T and M constant ) 
(b) V and T( P acd M constant ) 
(c) Pand T ( V and M constant ) 
(d) dand P ( T and M constant ) 


rr 


. 
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14. Give one everyday application of (a) Boyle's law (b) Charles’ law 
and (c) Phenomenon of diffusion. 

15. Establish the relation between temperature, pressure and volume of a 
aun M ofa gas. Explain the difference between the equations PV=RT and 

v= E 
.16. With the help of the gas laws, prove that Pv& nRT. Express the value 
of R in different units. 

17. What do you mean by ideal gafand real gas? How is the molecular 
weight of a gas determined from ideal gas equation ? 

18. How would you determine the molecular weight of a gaseous compound 
by the combination of Boyle's law, Charles’ law and Avogadro's law ? 

19, What do you mean by partial pressure ofagas? State Dalton's law of 
partia! pressure, ` Deduce a relation between partial pressure and mole fraction 
of a gas in a mixture, How would you determine the pressure of a gas collected 
over water ? 

20. What do you mean by diffusion and effesion ofa e 7 State Graham's 
law of diffusion, Give the mathematical formulation of the law. What are the 
applications of diffusion ? 

21. What is effusion? How would you determine the molecular weight of 
a gas by using effusion ? 

22. Show a graphical representation of a gas obeying Boyle’s law with 
volume along X-axis and pressure along Y-axis. 

23. What will be the nature of the graph when 

(a) PV is plotted against V at constant temperature. 
(b) PV is plotted against P at constant temperature, 
c) Vis plotted against T at constant pressure. 
d) Pis plotted against T(^K) at constant volume, 
ej Vis plotted against f (°C) at constant pressure. 
(f) rate of diffusion against square root of density at constant temp- 
erature. 


(g) P is plotted against y at constant temperature, 


24, Which one of the following pair of gases has higher rate of diffusion. 


235 238 
(i) Os,SOs, (if) COs, SOsand (iii) Sd F,, jg? Py 


Problems 


1, Acertain mass of gas occupies a volume of 100 ml. at a pressure of 3 atm. 
At what pressure will it occupy a volume of 200 ml., if the temperature remains 
constant ? Ü da a eniti 
2, At2T'C the volume of a given mass of gas is 1000 ml, Keeping the pressure 
constant, what would be the volume of the gas if placed in a room at 0°C ? 
(Ans. 910 ml.] 
4. Ifthe density of helium is 16 at 730 mm, pressure, what will be its density 
when the pressure is doubled ? [Ans 32] 
7 density of nitrogen is 14 under 760 mm. of Hg and at a certain tempe- 
d ms sr P ressate Enn the density become 10, if the temperature is kept 
nu (Ans, 5478 mm. of Hg. ] 
3. The density of oxygen is 16 at 0°C. If the pressure is kept. constant, what 
will be the density of oxygen at — 10"C ? A ak 
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6. Acertain quantity of gas occupies a volume of 2 litres at N.T.P, What 
will be its volume at 740 mm, of Hg. and 23°C ? [ Ans, 2°26 Jitres appx. }, 


7. An automobile tire is inflated to a pressure of 30 Ib/sq. inch on a summer 
morning when the temperature is 22°C. What will be the pressure in the same 
tre at noon when the temperature is 37°C ? [Ans. 3153 b/inch.* } 


8. Acertain quantity of a gas was collected over water at 27°C and 750 mm. 
pressure and measured 250 ml, What will be the volume of the dried gas at 
60°C and 800 mm. pressure? Aqueous tension at 27°C is 26:75 mm, of Hg. 

[ Ans. 230:8ml.] 


9. 152ml. of a gas was collected over waterin a jar at 25°C, The height of 
water level in the jar above that in the trough is 408mm. and the barometric 


reading is 771°8 mm. of Hg. What volume will the dry gas occupy at N.T.P. ? 
Partial vapour pressure of water is 23*8 mm. of Hg. and the density of mercury 


is 13:6 gram per ml. [ Ans. 1365 ml. J 
10. Calculate the volume of one mole ofa gas at a temperature of 27°C and 
@ pressure of 600 mm. [ Ans. 31:183 litres. J 


ll. 1 litre of oxygen at N.T.P, weighs 1:43 gram. Determine the weight of 
608 ml. of oxygen at 25°C and a pressure of 745 mm. of Hg.  [Ans. 0°78 grams] 


12. 3'5 litres of carbon dioxide weighs 6'88 grams at N,T.P. Calculate its. 


molecular weight. [Ans, 44 gram] 
13. Determine the volume occupied by 5'25 grams of nitrogen at 26°C and 
a pressure of 736 mm. of Hg. [ Ans. 475 nues] 


14. An observation balloon occupies 10,000 litres when at sea level and at 
27°C. Calculate the increase in volume when it rises to a height of $ miles when 
the temperature is —33*C and pressure is} atmosphere. [ Ans, 33333 litres } 


15, A cylinder of nitrogen contains 100 litres of the gas under a pressure of 
100 atmospheres. Calculate the number of gas jars cach of 1 litre capacity 
which could be filled up from the cylinder when the atmospheric pressure is 760 
mm. of Hg. [Ans. 9900] 


16. 3'5 grams of potassium chlorate when heated gave off 300 c, c. of oxygen 

at 27°C and 767.5 mm.of Hg. The gas was collected over water. If partial vapour 
ressure of water at 27°C is 17:5 mm. of Hg, what volume of ary oxygen at 
-T.P. would be given off by 2 grams of potassium chlorate ? [ Ans. 153°8 ml. } 


17. A balloon is descended to 3th of its maximum Stretching capacity and 
occupies a volume of 90u c.c. at 27°C. What is the maximum temperature 
above which it will burst ? [ Ans, 127°C. ] 

18. A volume of gas together with a crystal of calcite measures 150 c.c. at 
760 mm. of Hg. When the pressure is increased to 1000 mm., the combined 
volume becomes 116'4 c.c. Calculate the volume of the crystal, [Ans. 10 c.c. ] 

19. Air contains 21 percent of oxygen (by volume), What is the partial 
pressure of oxygen in the air at standard pressure? — [Ans. 159:6 mm. of Hg. 1 

20. A gaseous mixture consists of nitrogen monoxide and nitrogen dioxide, 
Calculate the volume per cent content of the gases in the mixture if their partial 
pressures are 300 and 500 mm. of Hg respectively, [ Ans. 37:5% and 62:59, ] 

21. At N.T.P, one litre of methane weighs 0:7168 gram/litre and one litre 
of sulphur dioxide weighs 2:927 gramjlitre. Calculate the relative rates of 

"diffusion of the two gases, — (Ans. 2:1.) 

22, 400 c.c. of carbon dioxide, 30) c.c. of oxygen and 500 c.c. of nitrogen are 
mixed. Pressure of carbon dioxide before mixing was 520 mm. of Hg., oxygen. 
pressure was 600 mm. of Hg and nitrogen pressure 420mm, of Hg. The volume 
of the mixture is 1 litre. Calculate the total pressure and Partial pressure of 


each gas. (Ans. Fco, =208 mm. of Hg ; P0, - 180 mm. of Hg. } 
PN; 7210 mm. of Hg ; P=598 mm. of Hg 
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23, The relative rates of diffusion of carbon dioxide and ozone were found 

to be 029 : 027. Calculate the density of ozone. (density of carbon dioxide = 22), 

[ Ans. 2537] { Allahdbad Inter Board, '46] 

24. 500 c.c. of oxygen diffuse through a small aperture in 70 soconds. How 
long will it take 600 c.c. of chlorine to diffuse through the same aperture ? 

[ Ans. 210 seconds ] 

25. In a porous container, equal volumes of CH, and SOs are placed. After 

20 minutes 800 c.c. of CH, had escaped. Calculate the volume of SO; that had 

escaped during the same period of time. (Ans. 400c.c.] 


[ Mol. wt. of CH,=16 and mol. wt, of SOo=64] 


26, 500c.c.ofagas at 750 mm. of Hy, are passed into an evacuated flask of 
700 c.c, capacity. Calculate the pressure in the flask, 
[ Ans. 535°65 mm, of Hg. ] 


27. The diameter ofa soap bubble which contains air at 27°C and 730 mm. 
of Hg. is6 cm. The bubble is expanded at constant temperature and pressure 
until its radius is 12 cm. Calculate the volume of air at N.T.P. Peddited for 
the expansion. [Ans. 61289 c.c. ] 

.28. 180ml, of a hydrocarbon diffuse through a porous membrane in 15 
minutes while 120 ml. of sulphur dioxide, under identical conditions, diffuse in 
20 minntes, What is the molecular weight of the hydrocarbon. [ Ans. 16] 


(L1T,71] 
29. What will be the volume of 6 grams of hydrogen at 1'5 atmosphere and 


273°C. [ Ans. 89'544 litre] [I. I. T., ’74] 
30. 8 grams of methanol (CH3OH) are vaporised in a 1-litre vessel at 127°C. 
What is the pressure inside the vessel ? [ Ans. 82 atmosphere ] 
31. What will be the volume of 4°4 gram of carbon dioxide at 227°C and 10 
atmosphere pressure ? [ Ans. 0°41 litre ] 
32. What will be the pressure exerted by 4'4 gram of carbon dioxide inside 
a I-litre vessel at 227°C ? [ Ans. 4latm.] 
33. Findoutthe weight of nitrogen confined in a vessel of 100 c.c. capacity 
at 100 atmosphere pressure and at 227°C, [ Ans. 6'832 gram J 


34. Oxygen is collected over water ina vessel of 500 c.c. capacity at 27°C. 
Calculate ths number of moles present in the gas if the total pressure of the gas 
at 27°C is 730 mm. and aqu:ous tension is 30 mm. of Hg. [ Ans. 0:022 mole J 

35. A gaseous hydrocarbon contains 257 hydrogen. The ratio of the rate 
of diffusion of hydro:arbon and hydrogen is ,/2:4. Find the formula of hydro- 
carbon. [Ans CH,] 

36. The time taken for a certain volume of oxygen containing 30% of ozone 
(by volume) to stream through a small hole is 170 seconds. Under exactly the 
same conditions, an equal volum» of oxygen took 160 seconds. Calculate the 
density of ozone. [Ans, 22875] 

37. 48 c.c. of air take 36 seconds to diffuse out of a vessel. 42 c.c. of carbon 
dioxide take 39 seconds to diffuse out ofthe sam: vessel. Ifthe vapour density 
of air is 14'4, calculate the vapour density of carbon dioxide. (Ans, 271] 

38. Whena mixture of oxygen ani another gas is diffused, the resulting 
mixture contains 60% oxygen. Calculate the molecular weight of the eas, 

[ Ans. 72] 

39. A compound exists in the gassous state both asa monomer (A) and a 
dimor (A2), The molecular weight of th» monomer is 48, Inan experiment, 
96 gram of the compound was confined in a vesssl of volume 33°6 litres and 
heated to 273°C. Calculate the pressure developed, if the compound exists as a 
dim»r to the extent of 50 per cent by weight, under these conditions. 

[Ans 2atm.] (1.1. T, '72) 
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40. Atwhat depthina pond will a bubble of air have jof its volume T 
Barometric height is 76 cm. and the density of mercury is 13:6. k 
(Ans. 20672 cm. } 


41. The height of mercury column in a barometer is found to be 76 cm. 
When 8 c.c. of oxygen at N.T.P. is collected over mercury in the barometer its / 
volume is increased by 2c.c. How much the mercury column is depressed ? 

[ Ans. 152 mm.] | 


42. How many moles are present in 10 litre of a gas at 27°C and 10 atmos: 
phere pressure ? [Ans. 4065] 


43. The density ofa mixture of hydrogen and oxygen at 27°C and 740 mm. ~ 
pressure is 2x 107* gramjc.c. Calculate the percentage of oxygen (by weight) in - 
the mixture, [Ans. 65:695] 

44. 40c.c.of hydrogen at N.T.P. were collected ina tube of cross-section 
1'5 sq. cm. over mercury. The mercury level inside the tube was 14cm. above 
the mercury level outside the tube, If the atmospheric pressure was 740 mm. 
of Hg and the temperature was 31°C find the length of the column of tube 
containing the gas. [ Ans. 3T6cm.]- 


45. The weight of 56 c.c. of a diatomic gas at 2atmosphere pressure and oc 
is 0°16 gram, Calculate the weight of one molecule of the gas. 1 
[Ans. 2:656x10-** gram P 


CHAPTER X 
SOLUTION AND SOLUBILITY 


A mixture is composed of at least two separate substances 
existing in particles lying side by side. Each of the substances (or 
components) of a mixture retains its properties so that mixture can 
be separated into their components by physical methods. Mixtures 
can be divided into two classes: (i) heterogeneous mixture and 
(ii) homogeneous mixture. A mixture which is characterised by 
the dissimilarity of their parts, i.c., every part of which is not 
identical with every other parts is called a heterogeneous mixture. 
A mixture every part of which is identical with every other parts 
is called a homogeneous mixture. Homogeneous mixtures are 


commonly called solutions. 


Solutions. Let us take a certain quantity of sugar into a 
beaker. Water is next added to it RE stirred well, After some 
time, we shall not see any single crystal of sugar. The taste of the 
resulting mixture of sugar and water is now sweet. We describe the 
process by saying that sugar has been dissolved into water to form 
solution. The substance which dissolves another substance is 
called the solvent and the dissolved subtance is known as the solute. 
Here water is the solvent and sugar is the solute. An examination 
of the solution of sugar into water reveals that sugar is very uni- 
formly distributed throughout water and the solution looks the same 
in all portions. That means that every part of it is identical with 
every other parts. Again, water can be separated from sugar by 
physical processes such as distillation in which water will be 
received as distillate and pure sugar will be left in the distilling 
flask. Hence, this solution is a mixture of sugar and water. 


Again, if this solution is heated to a certain extent, some 
quantity of water will be lost by vaporisation, Then also we will 
be left with a solution of sugar and water. The quantity of sugar 
in the solution can also be varied to a certain limit. A solution 
can, therefore, be defined thus : 

A solution is a homogeneous mixture of two or more substances 
such that their relat ve amounts may be gradually varied within 
certain limits. 


In solution solvent is present in larger quantities and solute is 
present in smaller amount. 
Solution is obtained by mixing solvent with solute, i.e., 
solution solvent 4- solute 
Now, if one mixes sand and water thoroughly, and permits the 
mixture to stand, the larger sand particles are observed to settle 
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down quite rapidly and the smaller particles will take much longer 
time to settle down. Such mixtures are not homogeneous and are 
called suspensions. We describe the process by saying that sand is 
insoluble in water, 


Saturated, unsaturated and supersaturated solutions. Let 
us take an average sized glass of water and a teaspoonful of sugar is 
added to it and stirred well. All sugars dissolve completely. If we 
add another teaspoonful of sugar, it also dissolves. When four or 
five teaspoonfuls are added, however, some sugars remain undis- 
solved. It is evident, therefore, that at a definite temperature 
water will dissolve sugar upto a certain limit. When this limit is 
reached, water will no longer dissolve the sugar added and we say 
that the solution has reached the state of saturation. 


A solution is said to be saturated at a particular temperature 
when it will dissolve no more of the solute in which it is in contact. 
The dissolyed and undissolved solids are said to exist in equilibrium 
in such a solution. 


The state of saturation or equilibrium can be disturbed by 
incrasing or decreasing temperature. For example, if the saturated 
solution of sugar described above is heated, it will be found that the 
solution can now dissolve more sugar. It will be found further that 
larger and larger amounts of sugar will be required to make the 
solution saturated at higher and higher temperatures. Thus, a 
solution which is saturated at one temperature may not be saturated 
at another temperature. 


A solution which will dissolve more solute when brought in contact 
with it is called unsaturated. 


Let us explain with an example how the saturated and unsaturated 
solutions result : 


Ifa lump of sugar is brought in contact with water at constant 
temperature, molecules of sugar detach from the surface of the solid 
and pass into solution, The rate of dissolution of sugar is highest 
initially. As the solution becomes concentrated, the dissolved 


Fig. 10.1 


molecules of sugar collide with the surface of the solid not yet 
dissolved and are attracted back to it and form part of its crystals 
(crystallisation), Since the concentration keeps increasing as the 


substance dissolves, the rate of crystallisation increases with time- 


ee 
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while the rate of dissolution decreases with time. Finally, a 
moment arrives when both the rates become equal and a dynamic 
equilibrium is established. At this stage the concentration of the 
solution stops increasing and the solution becomes saturated. 

That is, for any solution in which there is solid solute present, 

" Y; 
undissolved solid — dissolved solid where v,—rate of dissolution 

Vo 
and y,=rate of crystallisation. Jfv,—v,, the solution is saturated 
and if v; >v, the solution is unsaturated. 

The dissolving capacity of a solvent is not constant but varies ` 
with temperature; the solvent will dissolve more solutes at higher 
temperatures. Thus, saturated solution at 90C contains more 
solutes than the same solution saturated at 10°C. Hence, a 
saturated solution on being cooled deposits excess solutes until 
equilibrium is established at lower temperature. All saturated 
solutions, however, do not behave normally in that the expected 
separation of the solutes does not always occur immediately. 
the saturated solution at the higher temperature contains no 
undissolved solute and no particles of foreign matter and if it is 
allowed to cool without being disturbed in any way, it is often 
possible to cool it without the separation of the expected solutes. 
À solution which has been so cooled obviously contains more 
dissolved solutes than the normal saturated solution at the existing 
temperature. Such a solution is said to be supersaturated and is 
in a metastable condition. A supersaturated solution may, there- 
fore, be defined thus : 

A solution is said to be supersaturated when it contains more solute 
in a given weight of solvent than is required to form a saturated 
solution at the same temperature. 

If such solutions are disturbed by the addition of a tiny crystal 
of the solute or by any other means, the separation of excess of 
solute usually takes place rapidly until equilibrium is established. 


Experiments demonstrating the phenomenon of supersatu- 
ration. 

(1) Let us prepare a saturated solution of sodium sulfate at 30°C 
by dissolving sodium sulfate in water. If this solution is cooled to 
15°C without making any disturbance, it is found that not a single 
crystal of excess sodium sulfate separates out. This solution at 
15°C contains more sodium sulfate than the saturated solution of 
sodium sulfate prepared at 15°C. If a small crystal of sodium 
sulfate is introduced into the solution, excess of sodium sulfate 
separates out immediately. 


(2) Another way of preparing supersaturated solution is to 
melt the crystals in its own water of crystallisation. A large test 
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tube is half filled with crystals of sodium thiosulfate (hypo). The 
neck of the test tube is plugged with cotton wool so that no dust 
particles can enter into 
the tube. The test tube 
is next gently heated 
when the salt melts in its 
own water of crystalli- 
sation forming a very 
concentrated ^ solution. 
On cooling this solution, 
no solid crystallises or 
separates from it and the 
solution remains liquid. 
It is, therefore, a super- 
saturated solution. 

Now the plug is 
removed and a small 
crystal of hypo is 
dropped into the liquid ; 
the liquid at once begins to solidify with the evolution of heat. 


So we conclude from the above experiments that a supersaturated 
solution cannot remain supersaturated in contact with the solute. 


Tests of saturation, unsaturation and supersaturation, To 
test whether a solution of a substance is saturated, unsaturated or 
superasaturated at a particular temperature, a small crystal of the 
substance is introduced into the solution and the following 
observations are made : 


(1) If the solute remains undissolved in contact with the 
solution, and the concentration of the solution remains the same, it 
is the saturated solution. 


(2) If the solute dissolves either completely or partly and the 
concentration of the solution increases, it is the unsaturated 
solution. 


} (3) If the crystal of the solute grows in size and the concentra- 
tion of the solution decreases, it is the supersaturated solution 


Explanation of the act of dissolving. We can now offer an 
explanation for the act of dissolving. Ko general, polar solvents 
dissolve polar compounds, while non-polar solvents dissolve non- 
polar substances. 


(i) When a crystal of sodium chloride is dropped into water, 
the ions at its surface begin to attract the polar water molecules. 
The water molecules are attracted to the sodium ions by their 
megative poles and to the chloride ions by their positive poles. The 
molecules of water then orient themselves around the sodium and 
chloride ions as shown in the figure 10.3. But the water molecules 
attract the ions with the same force as the ions attract the water 


Fig, 10.2 
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molecules. Asa result, the attraction between the ions is weakened 
so greatly that energy of motions of molecules in solution is enough 
to separate the ions from the crystal and make them pass into the 


Fig. 10.3 


solution. After the ions of the first layer has gone into the 
solution, the ions of the second layer pass into the solution. In 
this way, the crystal gradually dissolves. Such a process of 
dissolution is believed to occur in the case of ionic crystals. 

(ii) Let us consider the case of a crystal of sucrose (table sugar) 
placed in a small beaker of water. Surface particles are held less 
firmly in the crystal structure than are interior ones. If the 
attraction between the molecules on the surface and water molecules 
is sufficiently strong, the surface molecules will be pulled from the 
crystal into water, The sucrose molecule contains a number of OH 
groups which are sufficiently polar to permit the development of 
strong attraction between the molecules of sucrose and water 
dipoles. This forze of attraction is sufficiently strong to strip off 
the surface molecules of the crystal and make them pass into the 
solution. Due to diffusion, the stripped off molecules are distribu- 
ted evenly throughout the bulk of the solution. 

Such processes of dissolution would continue until all the solute 
present dissolved, were it not for the process, i.e, crystallisation 
occurring simultaneously. Due to erratic motions of the dissolved 
particles, some of them strike the undissolved portions of the 
crystals and remain to become a part of it again. Ultimately, a state 
of equilibrium wil! be reached in which the number of molecules- 
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going into the solution just equal the number returning to the 
-solid state. 


Solubility. Solutions are commonly called *strong" or “weak” 
according as they contain more or less dissolved substance. A 
more scientific way of stating this is to give the number of grams 
of substance dissolved in 100 grams of solvent. This figure, 
ain the case of saturated solution, is called the solubility. 
The solubility of a solute ina solvent at a given temperature is the 
number of grams of the solute which dissolves in 100 grams of 
solvent to give a saturated solution at that temperature. 

For example, the solubility of common salt in water is 35*9 at 
15°C, since 100 grams of water at this temperature are saturated 
by 35:9 grams of the salt. 

If ‘a’ grams of a substance saturate ‘b’ grams of solvent at t°C, 
*then the solubility of the substance at that temperature is given by 

sn I0 where s— solubility of the substance. 
Therefore, solubility at a particular temperature 
_ weight of solute in grams x100 
- weight of solvent in grams 


If y grams of solute are 
present in x grams of solution 
at t C, then the solubility 
(at that temperature) e? 1 


Bid ali 

g Eea] Many crystalline substances 
= | | Y | /| contain water of crystallisation 
Bo © j "AB and are called hydrates. Each 
eo sg TT hydrate. has its own definite 
z A solubility, but in all cases 
Z L VX) | | the result is expressed in 
E | | | | | |} terms of salt free from water 
ES "d = Candi _Salt) cae 
5 in the solution per grams 
ii LA < of water. Solubility depends 


of the solute and solvent. 
For example, common salt 
is less soluble than “hypo” 
in water and both salts are 


LÀ 

4 

Z 

+ (i) on the chemical characters 
E 

m 

E I : 

100 nearly insoluble in alcohol. 
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Temperature (9C ) (ii) on the pressure; this 

Fig. 104 has very little effect except 

$ .. An the case of gases. (iii) on 

temperature ; generally solubility increases but not always, with 
ise of temperature. 
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Solubility curve. The change of solubility of a substance with: 
temperature is most easily recorded by plotting the solubility: 
‘ordinate) against temperature (abscissa) and so obtaining a curve. 
known as solubility curve. Fig. 10.4 shows the solubility curves of 
some substances in water at different temperatures. Tt appears that 
the solubilities of most substances increase with temperature ; the: 
solubilities of a few change only slightly with temperature ; and 
the solubilities of a very small number decrease with increasing: 
temperature. 

Solubility curves of salt hydrates. (a) Solubility curve of 
borax. The solubility curves of several salt hydrates are shown im 
fig. 10.6. The solubility curves of these salts are complicated. Im 


6i 
2 Solid phase 
Na28,07:5H;0, 
> 40 
2 
E " 
& 20 Solid phase 
PI 
m a 
10 30 50 70 90 
TEMPERATURE (°C) —> 
Fiz. 10.5 


the solubility curve of borax (Na.B,O,, 10H,O) there is a break 
at 61°C. Below 61°C the solubility of Na,B,O,, 10H,O increases. 
with increase of temperature. 

Above 61°C, the decahydrate, Na,B,O,, 10H,O is dehydrated: 
to pentahydrate, Na,B,O,, 5H,O. Hence, the solubility curve 
which is obtained above 61^C is the solubility curve of the penta- 
hydrate (Na,B, O;, 5H,O) and the solubility curve which is obtained 
below 61°C is the solubility curve of the decahydrate. The two 
curves intersect at 61°C. For this reason, a break is found at 61°C. 
in the solubility curve of borax. 

(b) Solubility curve of hydrated calcium chloride. In the 
solubility curve of the hydrated calcium chloride two breaks are 
found ; one at 29°92°C and another at 45:5?C. Below 29:92?C, we 
get the solubility curve of the hexahydrate (CaCl,, 6H,O). Above 
49°92°C, the hexahydrate is dehydrated to the tetrahydrate (CaCl,,. 
4H,O). Hence, the curve which is found above 29:92°C and below 
45:5"C is the solubility curve of the tetrahydrate (CaCl,, 4H,0); 
The curves of the hexahydrate and the tetrahydrate intersect at 
29°92°C. For this reason, a break is found at 29:92?C. Above 
45:5"C the tetrahydrate loses two molecules of water of crystallisa- 
tion and is changed to dihydrate (CaCl,, 2H,O). The solubility 
curve of the dihydrate is found above 45-5°C and this curve intersect 
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ithe curve of the tetrahydrate at 45°S°C. Hence, we find another 
break at.45°5°C in the solubility curve of calcium chloride. 


acto 2820 
i 


‘aCl2°4H20 


„-Na2C03 «H20 


SOLUBILITY ——> 


TEMPERATURE (C) —» 
Fig. 10.6 


. The break which is found in the solubility curve of sodium car- 
bonate and ferrous sulphate can be similarly explained. 


(c) Solubility curve of hydrated sodium sulphate. A break 
is found in the solubility curve 
of hydrated sodium sulphate at 
32°4°C. The curve which is found 
below 32°4°C is the solubility curve 
of the  decahydrate — (Na,SO,, 
10H,O) and its solubility increases 
with increase in temperature. 
Above 324'C, the  decahydrate 
is changed into anhydrous salt. 
Hence, the curve which is obtained 
above 32°4°C is that of the anhy- 
Temperature (°C) drous sodium sulphate and its 

Fig. 10.7 solubility decreases with increase 

in temperature. The curves of the 

ecahydrate and the anhydrous sodium sulphate intersect at 32:4 C. 


Utility of solubility curve- From the solubility curve, we learn 


the following : 
(i) The concentration of a saturated solution at a given tem- 


perature. 
(ii) The weight of solute which deposits from a. solution of 
given concentration when it is cooled to a given temperature. 


Solubility (in grams) 


SOLUTION AND SOLUBILITY 319 


_ iii) The order in which the substances Separate out froma 
mixed solution under given conditions. Leta mixture of much 
potassium nitrate and little sodium nitrate be dissolved in hot water. 
It is desired to find which of the solutes will first separate out when 
this soiution is cooled. 


From solubility curve, it is seen that at about 70°C potassium 
nitrate and sodium nitrate have approximately the same solubility 
(viz., about 139 grams in 100 grams of water) but at 5°C the solu- 
bility of potassium nitrate has fallen to 17 grams per 100 grams of 
water, while the solubility of sodium nitrate remains at 77 grams 
per 100 grams of water. Now, from the definition of solubility it is 
evident that lower the solubility, faster the salt will separate out 
fromthe solution. So when the solution described above is cooled, 
potassium nitrate will first separate outsince it has the lower 
solubility and. sodium nitrate will remain in solution, This prin- 
ciple is the basis of the process of fractional crystallisation. 


Explanation of the variation of solubility with temperature. 
The solubility of most salts increases with increase of temperature 
whereas the solubility of a few salts such as Na,SO, and Na,CO,, 
H,O decreases with increase of temperature. 


The change inthe solubility of a substance with temperature 
depends on its heat of solution.* If the heat is evolved on 
dissolving the substance in a solvent, the solubility of the substance 
decreases with increase of temperature. If heat is absorbed on 
dissolving the substance in its nearly saturated solution the 
solubility of the substance increases with increase of temperature, 


A saturated solution in equilibrium with excess solute behaves 
according to Le Chatelier’s principle. 


solute (solid) = solute (dissolved). If the temperature. of such 
a system is raised, the equilibrium will shift, according to Le 
Chatelier’s principle, in such a way as to tend to restore the system 
to its original temperature, by the absorption of heat from the 
reaction. Ifthe heat is absorbed on solution, then with the increase 
of temperature more solute will dissolve and the system will be 
cooled with the absorption of heat. The system is then restored 
to its original temperature. The solibility of such substances 
increases with increase of temperature. If the heat is evolved on 
solution, then with increase of temperature, some solutes will 
come out of the solution and return back to the solid phase and 
the system will be cooled with absorption of heatto its original 


* Heat ofsolution isdefined asthe amount ofheat evolved or absorbed 
when one mole of a substance isdissolved in large excess of water, so that on 
further dilution of the solution no heat change is produced. Ifbheat is absorbed 
when a substance dissolves in a solvent. then heat will be evolved when the 
solute comes out of the solution and returns back to the solid phase. 
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temperature. The solubility of such substances decreases with 
increase of temperature. 

Measurement of solubilites. In order to find out the solubility 
ofa substance, the first thing to be determined is the amount of 
the solute present ina saturated solution at a particular tempera- 
ture. Let ‘a’ grams of the solute and ‘b’ grams of solvent are 
present in a saturated solution at temperature, t'C. By definition, 
ax 100 

b 


the solubility of the substance at t^C is given by s= where s$ 


is the solubility of the substance. (1071) 


So the determination of *s' at t°C involves : 

(i) preparation of saturated solution. 

(ii) estimation of ‘a’ and ‘b’, i.e., the weights (in grams) of 
solute and solvent present in a saturated solution. 

(a) Determination of the solubility of a substance at room 
temperature. Let us illustrate the principle of the method described 
above by determining the solubility of sodium chloride (common 
salt) in water at room temperature. 


(i) Preparation of the saturated solution. Sodium chloride 
crystals are ground ina mortor and stirred with water for about 1 
hour in a beaker till some of the salt remain undissolved, Thus is 
prepared the saturated solution of common salt in water. 

(ii) Nowa small evaporating basin made up of thin glass is 
weighed by a chemical balance. The saturated solution is filtered 
in the glass basin. The basin is next weighed with the solution. 
The solution is then evaporated to dryness on a water-bath when 
only common salt is left in the basin. The basin is then 
weighed. It is again dried in an air-oven and cooled in a desiccator 
and weighed again. The process is repeated till a constant weight 
of the basin with common salt is obtained. 


Calculation. Let the weight: of the empty glass basin=W, 
grams 

The weight of the basin 4-salt solution=W, grams 

The weight of the basin 4- salt left after evaporation=W, grams 

The weight of water-(W,— W,) grams 

The weight of salt —(W, — W,) grams 

Therefore, (W, — W,) grams of water and (W, — W,) grams of 
the salt are present in a saturated solution of common salt and 


wateratroom temperature, So by equation (10.1) the solubility *s* 
of common salt at room temperature is given by 


(Wa —W,) x 100 
(W.—W,) 
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(b) Determination of the solubility of a substance at a tempe- 
rature higher than the room temperature. The solid is first 
powdered well and stirred for some time by a glass stirrer (driven 
by a motor) with water ina bottle which is supported in a thermo- 
stat (a thermostat is a  water-bath maintained at a constant 
temperature by a thermoregulator). The contents of the bottle are 
brought to a desired temperature by regulating the temperature of 
the thermostat. Some of the clear saturated solution onthe top 
are removed by a pipet and poured in a previously weighed dish and 
the dish with the solution is weighed again. The solution is now 
evaporated over a water-baih until nothing but a dry solid remains 
in the dish The dish and the solid are then weighed. The solubi- 

. lity of the solid is then calculated using these data by the method 
described above. 


(c) Determination of the solubility of a solid at a temperature 
lower than the room temperature. First a saturated solution of a 
solid is prepared and taken in a big test tube. The test tube is fitted 
with a wider tube which is placed ina beaker containing ice. A 
thermometer is inserted into the solution of the test tube. Suppose 
that it is required to determine the solubility of the solid at 0 C. 
So when the thermometer reads zero degree centigrade, some of the 
clear saturated solution on the top are drawn off quickly and poured 
into a weighed dish The dish with the solution is weighed The 
solution is then evaporated to dryness and the dish with the dry 
salt is weighed again. From these data, the solubility of the solid 
at 0°C can be easily calculated. 


The methods described above for the determination of solubility 
are not applicable to substances which are slightly soluble and which 
cannot be dried without decomposition. 


Crystallisation. The process of crystallisation is based on the 
fact that a solution of a substance saturated at one temperature is 
not saturated at another temperature. Hence, if a saturated solution 
at higher temperature is cooled to a lower temperature, the excess 
solute is deposited. For example, if hot saturated solution of some 
common substances, e.g., alum, copper sulphate, sugar, table salt, 
etc., is allowed to cool, a quantity of each solute is thrown out of 
the solution. An examination of these deposited solutes shows that 
they consist of a number of small particles. These particles possess 
a definite geometrical shape and are bounded by perfectly plane 
faces. These particles are called crystals. The process by which 
these crystals are obtained is called crystallisation. Crystals are 
not only obtained from a state of solution but also obtained from a 
state of fusion or vapour. 


Theliquid leftafter crystals have separated out of it, is called 
the mother liquor. : 


Crystals. A solid possessing the following characteristics is 
\ said to be a crystal : 


21 
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(i) It should possess a definite geometrical shape and is bounded 
by perfectly plane faces. The angles between corresponding faces of 
ali the erystals of a given substance are constant and are characteris- 
tics of that substance. 

(ii) Ifa crystal is fractured, the new surfaces are plane, and are 
inclined to one another at angles which are constants and character- 
istic of the given substance. 

Solid substances are either crystalline or non-crystalline. Non- 
crystalline solids (i.e. having no crystalline shape) are called 
amorphous solids. Glass, pitch, etc., are examples of amorphous 
solids, Alum, common salt, sugar, etc., are examples of crystalline 
substances. 

Crystalline substances break up easily along certain planes. For 
example, a piece of mica splits up into thin sheets ; rock salts break 
up easily into cubic or rectangular pieces when struck sharply and 
lightly. Anamorphous solid, on the other hand, does not cleave 
along any particular plane when broken by a sharp blow but 
fractures with equal ease in any direction. 


Fractional crystallisation. The process of fractional crystallisa- 
tion is employed for the purification and separation of solids by 
making use of their different solubilities and particularly the fact 
that the solubilities of some substances increase more rapidly with 
rise of temperature than those of other salts, The theory of the 
process may, clearly, be understood from the inspection of the 
solubility curves. The following example will show how the process 
is carried out. 


„Let us take 50 grams of potassium chlorate in a porcelain dish. 
It is warmed for about ten to fifteen minutes at a temperature just 
above its melting point. The mass 


um isthen cooled. It contains undecom- 
og posed potassium chlorate, some 
99 potassium chloride and potassium 
39 perchlorate, About 50 c c. of hot water 
$e at 50 C is added to it when all three 
23 of the salts*are dissolved to give a 
5 mixed solution of potassium per- 


0 10 20 30 40 5060 chlorate, potassium chlorate and 
Solubility (in grams)» ^ potassium chloride. The solution is 
then evaporated until a drop crys- 

Fig. 10.8 tallises when rubbed on a cold surface, 

y and slowly cooled. The crystals of 
potassium perchlorate are the first to separate because it has the 
least solubility (the solubility at. 15°C of potassium perchlorate, 
potassium chlorate and potassium chloride is 1.5 grams, 6.6 grams 
and 36 grams respectively). The first crop of crystals of potassium 
perchlorate is filtered off and redissolved and again allowed to 
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crystallise by cooling the hot solution; potassium perchlorate can 
‘thus be obtained almost free from other two salts. When the crystals 
of potassium perchlorate have been separated, the solution is 
further evaporated and allowed to cool. This time potassium 
chlorate is separated, These are filtered off and must be recrystallised 
in order to isolate a purer salt. The remaining mother liquor is 
then concentrated by evaporation, and cooled. Potassium chloride 
is separated out and similarly filtered and recrystallised. The 
process of recrystallisation has to be repeated several times in order 
to obtain the crystals in a high degree of purity. 


The above operation is an example of fractional crystallisation. 
The fractional crystallisation is the process in which only one of 
the solutes is allowed to crystallise from a solution of two or 
more different solutes having different solubilities. 


Water of crystallisation. Many substances while crystallising 
out of aqueous solution yield crystals containing definite amount 
of combined water. They take up this water from the solution 
during the process of crystallisation. The water molecules are 
loosely associated with the substance and are ina definite number. 
The crystalline shape of the substance depends upon these molecules 
of water and if these molecules of water are removed by some 
physical means such as heating, the substance loses its crystalline 
shape. The water thus associated with the crystal is known as water 
of crystallisation or water of hydration, The substances which 
contain water molecules combined in this manner in definite pro- 
portions are called hydrates. The same substances without the water 
of crystallisation are called anhydrous. The process of addition of 
water molecules as units to other substances is known as hydration. 


If white anhydrous copper sulphate, CuSO,, is dissolved in water, 
a blue solution results. On slow evaporation of the solution, blue 
crystals deposit. The chemical analysis of blue crystals reveals 
that there are five water molecules per molecule of copper sulphate, 
So copper sulphate with water as CuSO,, 5H,O is known as hydrate. 
These five molecules of water are known as water of crystallisation 
or water of hydration and the process of taking up water molecules 
as units to copper sulphate crystals is known as hydration. Other 
common examples of salt hydrate are washing soda, Na,CO,, 
10H,O ; oxalic acid, H,C,O,, 2H,0 ; green vitriol, FeSO,, 7H,0, 
etc. 

It must be borne in mind that water is not an essential part of 
all crystals. There are certain substances which are crystalline in 
shape but do not contain water of crystallisation. Common salt, 
NaCl ; potassium chloride, KCl; potassium chlorate, KCIO,, etc., 
are the examples. 

y ental methods for the determination of water of 
Eh cons The percentage of water of crystallisation can. be, 
determined for a large number of substances by strongly heating a 
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weighed amount of the hydrated crystals and measuring the loss of 
weight. For example, when sodium carbonate is heated strongly, 
it loses only water of crystallisation and the residual anhydrous 
sodium carbonate remains unaffected by heat. 


(a) Water of crystallisation of hydrated salts like calcium 
chloride, barium chloride, etc. 


Experiment. A porcelain crucible with its lid is cleaned well. 
This is then heated strongly in a pipe-clay triangle and then cooled 
in a desiccator and weighed. The process of heating and cooling 
is repeated till the final weight is constant. This gives the 
weight of the empty crucible with its lid (W,). A quantity of 
the crystals is then placed in the crucible and weighed again. ‘This 
gives the weight of the crucible with its lid and hydrated salts (W;). 
Now, the crucible is placed on the pipe-clay triangle, keeping the 
lid slightly open so as to allow the water of crystallisation to escape 
as steam. The crucible is carefully heated until nothing but a dry 
powder remains in the crucible. The crucible is then cooled in a 
desiccator and weighed, The heating and subsequent weighing are 
then repeated until a constant weight is obtained. This indicates 
that the salt has been completely dehydrated, i.e., all the water of 
crystallisation has been driven off. The last weight gives the 
weight of the crucible with its lid plus anhydrous salt. 


Calculation. Let us suppose that 
(i) weight of the empty crucible+lid=W, grams, 
(ii) weight of the empty crucible+lid+hydrated salt=W, grams. 
(iii) weight of the crucible+lid+anhydrous salt=W, grams. 
weight of the hydrated salt=(W, —W,) grams. 
weight of the anhydrous salt=(W,—W,) grams and the weight 
of water of crystallisation 
=(W,—-W,)—(W,—W,)=Ws -W;- W,--W;—(W; — Wa) 
grams. 
Therefore, (W,—W,) grams of hydrated salt contain (W, — W,) 
grams of water of crystallisation. ` 


100 grams of hydrated salt contain 
1 


(Ws — W4) 
(W,—W* 100 grams 


of water of crystallisation 


.. Percentage of water of crystallisation Ws =W) x 100 
(W,— Wi) 


Deduction of the formula of barium chloride crystal. Let us 
suppose that the formula of barium chloride is BaCl,, n H,O. 
It is required to find out the value of n. From the above analysis, 


we can write 
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weight of anhydrous barium chloride 


weight of water of crystallisation 


SLZ molecular weight of barium chloride 
nx molecular weight of water 


a.e.; hws ae [ molecular weight of barium chloride 
2 LI 

is 208-3 and molecular weight of water is 18. ] 

The water of crystallisation in barium chloride crystals is 14:7375. 


100—14:73. 2083 
14°73 18n 
n=2. Hence, the formula is BaCl,, 2H,0. 

Similarly, the formula of calcium chloride, etc., ean be found 
out. 

(b) The water of crystallisation of blue vitriol, The water of 
crystallisation of blue vitriol is determined by heating the crystals 
on a watch glass in an air-oven (air thermostat whose temperature 
can be regulated), because copper sulphate decomposes on strong 
heating in a direct flame. 

A pair of watch glasses, held together bya clip, is weighed 
carefully, Some dry, pure and powdered copper sulphate are 
placed in the lower watch glass and the whole is weighed again. 
Now, the upper watch glass is slid little so that water of crystalli- 
sation can escape easily as steam. The pair of watch glasses with 
copper sulphate is placed in air-oven whose temperature can 
regulated and is heated at 250°C for about 15 minutes. The pair 
of watch glasses with the anhydrous salt is cooled in a desiccator 
and weighed carefully with the clip. The heating and subsequent 
weighing are then repeated until a constant weight is obtained. 


Calculation. The above experimental results can be repre- 
sented as follows : 
(i) Weight of watch glasses 4-clip- W, grams. 


(ii) Weight of watch glasses+-clip+copper sulphate crystals 
=W, grams, 


(iii) Weight of watch glasses--clip-Fanhydrous copper sulphate 
=W, grams. 


Weight of copper sulphate taken=(W, — W,) grams. 
Weight of anhydrous copper sulphate (W, —W,) grams. 
"Weight of water of crystallisation=(W, — W;)—(W;,— W1) 
=(W,—W,) grams. 
Therefore, (W,—W4) grams of copper sulphate contain 
(W,—W,) grams of water of crystallisation. 
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(WaWa) 100 grams: 
(W, Tr Wi) a 
png (Wa Wa) 
Percentage of water of cr: stallisation=(W2—Wa) x100 
"Rd X (W, —W,) 
—36:07 (which is found by an actual experiment): 
Deduction of the formula of blue vitriol. Let the formula 
of blue vitriol be CuSO,, nH,O. The value of n can be deter- 
mined as follows : 
Weight of anhydrous copper sulphate 
Weight of water of crystallisation 


.,.1 x molecular weight of copper sulphate 
"n n x molecular weight of water 


(W,—W;) 1x15955 ['. molecular weight of 
(W.-W) 1x18 copper sulphate— 159*5 ] 


100—36:07 1595 | — 
CAPUT. = Tea 57 n=5.. Therefore, the formula of 


blue vitriol is CuSO,, 5H,O. 


To prove that the water in the crystal exerts a definite vapour 
pressure. Let us take two barometers as shown in fig. 10.9. 
Initially, the mercury levels in both the barometers stand at the 
same height, A crystal of hydrated 
salt such as washing soda, copper. 
sulphate, etc., is passed into the 
vacuous space of one ofthe baro- 
meter tubes. Itis found that the 
mercury of the barometer tube 
sinks, showing that the water in the 
crystal is exerting a definite vapour 
pressure, The vapour pressure ine 
creases as the temperature is 
raised. This can be proved by 
putting a py jacket round 

o 
Fig. 10.9 acer part the barometer 

Efflorescence. Ifa hydrated crystal is left exposed to the air, 
its stability depends-on the pressure of the water vapour in the 
atmosphere. If the pressure of water vapour in the atmosphere is 
less than that of a hydrate, the hydrate will lose water of hydration 
to the atmosphere and form a lower hydrate or an anhydrous salt. 
The loss of water from a crystal of a hydrate is usually accompanied 
bythe crumbling of the crystal to a powder. Such spontaneous 
loss of water of hydration is known as efflorescence. 


Efflorescence is a phenomenon in which a hydrate spontaneously 
releases all or part of its water of crystallisation to the atmosphere. | 


100 grams of copper sulphate contain 


Hydrated 
crystal 
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Crystals of washing soda (Na,CO;, 10H,O) when exposed to 
the atmosphere loses nine molecules of water of crystallisation to 
the air and falls to powder. 

Deliquescence. If the pressure of the water vapour present 
in the atmosphere is greater than that of the crystal, water from 
the atmosphere enters into the crystal. This will continue until 
the vapour pressure of the crystal is the same as the pressure of the 
water vapour in the air. This phenomenon of absorbing water 
from the atmosphere by the crystals is known as deliquescence, 
In this process, the crystals ultimately turn into liquid. 

Deliquescence is a phenomenon in which a crystal (or solid 
substance ) absorbs water from the air to form a paste or eventually 
a solution. 

Crystals of calcium chloride, magnesium chloride, etc., exhibit 
the phenomenon of deliquescence. 

Some solids absorb moisture from the air without becoming 
damp or liquid. They are said to be hygroscopic. Examples are 
quicklime, anhydrous copper sulphate, etc, Some liquids such as 
concentrated sulphuric acid are also hygroscopic, i.e, they absorb 
moisture from the air. 


COLLOIDS 


Crystailoids and Colloids. In 1861, Thomas Graham found 
that certain substances such as salts, sugar, urea, etc» diffuse 
rapidly in solution and can pass through membranes such as 
parchment paper or collodion. These substances are crystalline in 
the solid state and were called by Graham crystalloids. On the 
other hand, there isa large group of substances such as glue, 
gelatin, albumin, starch, etc.» which diffuse in solution very slowly 
and cannot pass through the membranes, These substances are 
amorphous in the solid state and were called colloids (from the 
Greek *'Colla" : glue). Graham made a distinction between 
crystalloid and colloid as different kinds of substances. But, later 
investigations confirmed that this distinction between crystalloids 
and colloids is nevertheless very indefinite. For example, many 
typical colloids such as albumin can be obtained in the form of 
crystals and many indisputable crystalloids such as common salt can 
be obtained in the form of colloids. The same substance can behave 
like a colloid in some solvents and like a crystalloid in others. For 
instance, soap gives colloidal solutions in water but behaves as a 
crystalloid when dissolved in alcohol. Common salt can be brought 
into a colloidal state in benzene, but in water itis a typical cry- 
stalloid. Thus, it is more correct to speak only of the crystalloid 
or colloid state of substances just as we speak of their solid and 
liquid state, The colloid state, therefore, is characteristic of all 
substances when subjected to proper conditions. 
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Dispersions. When a fine powder of any insoluble substance 
such as clay is shaken with water, it is found that the larger 
particles settle at the bottom while the finest particles remain in 
water ina ‘suspended’ state fora considerable length of time but 
eventually all settle out. The solid can be separated compietely 
from the mixture by filtration. If particles of a solid substance are 
suspended in a liquid, the system is called a suspension. 


Any system in which the finely divided particles of one substance 
are distributed through another substance, is called a dispersed 
system ; the process of subdividing one substance into finely divided 
particles and scattering these through another substance is called 
dispersion. The divided substance is known as the dispersed phase, 
while the other substance is called the dispersion medium. For 
example, suspension of clay particles in water is the dispersion of 
clay particles in water ; the dispersed phase consists of clay particles 
while the dispersion medium is water. Thus, suspension may be 
defined as the dispersion of the particles of a solid intoa liquid. 
Most suspensions are unstable and the dispersed phase eventually 
settles out completely. 


Dispersed system may have different degrees of dispersion, 
depending on the size of the particles of the dispersed phase. 
Dispersed system in which the particles of the dispersed phase are 
coarse is known as coarsely dispersed system. Suspension falls into 
the category of coarsely dispersed system. On the other hand, true 
solutions are dispersed system in which the solutes (dispersed phase) 
are broken down into molecules and or ions and uniformly distribut- 
ed throughout the solvent (dispersion medium). This is what 
happens when common salt is dissolved in water. Hence, solutions 
have very high or one may say, ultimate degrees of dispersion. An 
intermediate position is occupied by dispersed system in which the 
dispersed particles are intermediate in size between those in true 
solution and those in coarse suspension. Such systems are called 
colloidal solutions. Thus, the term colloid no longer refers to 
definite varieties of substance, but rather to particles of any kind 
whose dimensions lie within a certain range. 


The sizes of the dispersed particles in dispersions of different 
degrees of fineness have been measured in various ways. On the 
basis of the sizes of the particles of the dispersed phase, a distinction 
among suspensions, colloidal solutions and true solutions can be 
made. 

In suspensions, the particles have diameter larger than 10-4 cm, 
patticles in true solution are usually smaller than 10-7 cm, the 
average diameter of the particles in colloidal solution lies in the 
range 107? cm to 1074 cm. 

Colloidal solution is defined as a dispersed system in which the 
size of the dispersed particles is larger than in true solution but less 
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than in coarse suspension ; the sizes of the particles usually lie in 
„the range 10-7 cm to 107* cm. The dispersed particles do not settle 
no matter how long the colloidal solutions may stand and can pass 
through the filter papers, but can be detained by membranes of 
“parchment paper, or bull bladder. 


Solids colloidally dispersed in a liquid are referred to as suspen- 
soids. The liquids which are dispersed colloidally into another 
"liquid are known as emulsoids. The colloidal dispersion of a solid 
into a liquid is known as sol. A so! whose dispersion medium is 
water is known as Aydrosol ; when the dispersion medium is alcohol, 
the sol is known as a/coso!, when the dispersion medium is benzene, 
the sol is called the benzosol and so on. 


Dialysis. Colloidal particles can pass through the pores of 
ordinary filter paper but cannot pass through the pores of the 
membranes such as parchment paper, cellophane paper, animal 
membranes, etc. On the other hand, the particles of the dissolved 
substances in true solution can pass through the pores of the 
membrane, This property is utilised in separating the particles of 
-dissolved substances from the colloidal particles. The process of 
separating the colloidal particles from the particles of dissolved 
substances by membranes is known as dialysis. The process is slow 
since the movement of particles through membrane is solely by 
diffusion. 


The process of separating colloidal particles from those in true 
solution by means of diffusion through a membrane is called dialysis. 


The apparatus used 
“for dialysis is called a 
dialyser. The mixture Mixture of 
of a colloidal sub- solutions 
stance and a. substance 
in the dissolved state 
such asa solution of 
potassium iodide and 
starch is placed in a 
"bag of parchment 
paper. The bag is 
then placed in distilled 
water(fig. 10.10). Pota- 
ssium iodide diffuses 
freely through the 
membrane into the 
-outer vessel but starch Fig. 10.1. 


cannot penetiate the — ss Rods 
membrane and remains in solution in the bag. Asa result, the 


"bag will be found after some time to contain pure colloidal 
-solution of starch. 
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If chlorine water is added to the water inthe outer vessel, @ 
yellow colouration is obtained due to liberated iodine. This shows 
that potassium iodide has passed through the membrane but the 
starch is retained, since if starch were present in the outer vessel, it 
would have given a blue colour with the iodine. Starch forms a 
blue coloured complex with iodine. 


If in a mixture of colloidal solution and true solution the subs- 
tance in the true solution is an electrolyte, tuen the electrolyte can 
be separated from 
the colloidal subs- 
tance very rapidly 
by electro-dialysis. 
In this process, 
the mixture of the 
Mixture of colloidal solution 
xr deem g and true solution 
madide is taken in a bag 
and the bag is 
placed in water. 
Then two electrodes 
are placed into 
water in the outer 
vessel on the two 
sides of the bag. 
When electric curr- 
ent is passed by 
means of the electrodes the cations and the anions of the electrolyte 
move towards the cathode and the anode respectively while the 
colloidal particles remain in the bag. As a result, the dissolved 
electrolyte in the true solution is separated from the colloidal 
particles very rapidly. However, the use of electrodialyser for 
separating non-electrolytes such as urea, glucose, etc., from colloids 
is meaningless. 


Fig. 10.11 


x Classiticatio of eolloids. It is convenient to classify colloids 
into two general groups. This classification is based upon 
v ea affinities of the dispersed phase for the dispersion 
medium 


(i) Lyophilie colloids. If the affinity between the dispersed 
phase and the dispersion medium is high, the colloidal substance is 
said to be /yophilic (solvent-loving). Lyophilic colloidal systems 
are affected little by electrolytes. When the lyophilic sols are 
evaporated to dryness, the solid obtained usually can be converted 
back to the colloidal dispersion merely by adding the liquid again. 
Such substances are also described as reversible colloids The 
colloidal solution of starch in water is an example of a lyophilic sol. 
Other examples of lyophilic sols in water are glue, gums, gelatin, 
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fats and soaps, Many lyophilic substances may become colloidally 
dispersed simply by contact with the dispersing liquid. For example, 
when soap comes in contact with water, it spontaneously dis- 
perses to form colloidal system. The dispersed phase in lyophilic 
colloidal solution is said to be hydrophilic, alcophilic, benzophilic,. 
etc., when the dispersion medium is water, alcohol, benzene, etc., 
respectively. 

(ii) Lyophobie colloids. If the affinities of the dispersed phase: 
for the dispersion medium are small, the dispersed phase is said to be 
Iyophobic (solvent-fearing or hating). When the lyophobic colloidal 
solutions are evaporated to dryness, the solid Obtained cannot be 
brought back into the colloidal solution merely by adding water 
again. Lyophobic colloids, therefore, are also known as irreversible 
colloids. They are precipitated easily by the addition of electro- 
lytes. Colloidal solution of silver chloride in water is an example 
of lyophobic colloids. Other examples are colloidal solutions of 
sulphur, metals, and metal sulphides in water. The dispersed phase 
in lyophobic colloidal solutions is said to be Aydrophobic, alcopho- 
hic, etc., when the dispersion medium is water, alcohol, etc., res- 
pectively. 

Preparation of colloidal solutions. The methods by which 
colloidal solutions are prepared are of two varieties, viz., disper- 
sion method and condensation method. In dispersion method, 
larger particles are made smaller ones of colloidal dimensions, 
usually by grinding. Specially designed machines known as 
colloid mills are used for this purpose. In condensation method, the 

icles of molecular dimension combine to form aggregates of 
colloidal size. Such methods require chemical procedures. By 
adjusting the conditions, the insoluble substance formed during the 
reaction can, in many cases, be made to assume the form of colloidal 
particles, giving rise to a colloidal solution. 

Some examples of the formation of colloidal solutions are given 
below : 

(i) Ferrie hydroxide sol. A solution of ferric chloride is added 
drop by drop into boiling water ina beaker, Ferric chloride under- 
goes hydrolysis and ferric hydroxide is formed : 

FeCl, +3H,O=Fe(OH), + 3HCI 

Under these conditions, ferric hydroxide remains in solution as 
colloidal particles forming colloidal solution of ferric hydroxide. It 
is then purified by dialysis. 

(ii) Gold sol. Several drops of 1 per cent solution of auric 
chloride, AuCl,, are added to distilled water ina test tube. The 
solution is heated to boiling and then 2 or 3 ml. of a very 
weak solution of formalin are added to it. The liquid turns a 
beautiful purple colour due to the formation of colloidal particles 
of gold. 


" 
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[9 fe) 
A A 
2AuCl;+3HC+3H,O=2Au+6HC1+3HC 
N N 
H OH 


(iii) Arsenic trisulphide sol. When hydrogen sulphide is passed 
for some time through a solution of arsenic trioxide, a transparent 
golden-yellow sol of arsenic trisulphide is obtained. 

As,0, +3H,S=As,S,+3H,O 

(iv) Colloidal metals. Bredig's method. This method is used 
for the preparation of colloidal metals. For example, colloidal 
à solution of silver is prepared as follows : 
Two silver wires are dipped into distilled 
water taken into a beaker. They are 
connected to a sufficiently powerful 
source ofelectric current and their ends 
are then brought together under the 
water. Anelectric arcis struck ; silver 
is vaporised by thearc and its vapour is 
then condensed by the surrounding 
liquid into particles of colloidal size. 
The entire liquid then turns brown due 
to the formation of colloidal solution 
of silver, 


Fig. 10.12 ( pater of ete solution. 

a ptical properties. (i dall . 
effect. When a beam of light is allowed to pass ER s 
room, the dust particles floating in air become visible as tiny 
Spots of light. When a beam of light is passed. through a 
true solution, the path of the beam is not visible, but when 


Optical microscope 


Cell 


Lens | 

Slit | 
Fig. 10.13 

it is passed through a colloidal solution, the path of the beam 


become visible as a streak of light and the liquid appears luminously 
turbid. Thisappearance is due to the reflection of some of the 
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incident light by the dispersed particles and is known as the 
Tyndall effect. 

A strong converging beam of light is sent through a colloidal 
solution. When the path of the beam is viewed through a micros- 
cope whose axis 1s at the right angles to the direction of the beam, 
small flashes of light from the individual particles may be seen 
against the dark background. Such an arrangement of light source 
and the microscope is known as an ultramicroscope. 


(b) Brownian movement. When observed by ultramicroscope, 
the colloidal particles are found to be in a state of rapid, irregular, 
dancing motion. Such irregular movement of colloidal particies is 
known as Brownian movement aíter the name of the English botanist 
Robert Brown, who first discovered 
it in 1827 in pollen grains suspended 
in water. The motion is caused by 
the irregular bombardment of the 
suspended colloidal particles by the 
molecules ofthe dispersion medium. 
The smaller the size of the colloidal 
particle, the more vigorous is its 
Brownian motion. 

(c) Electrical properties. (i) Elec- 
trophoresis. | Nearly all colloidal 
particles are electrically charged, some 
positively and others negatively Fi 
charged. When two electrodes i, 1014 
connected to the poles of a current source of high voltage are: 
dipped into a colloidal solution, the colloidal particles move slowly 
towards the anode or the cathode. This movement of colloidal: 
particles in an electric field is known as electrophoresis (or as 
cataphoresis). Thus, when an electric current is passed through an 
As,S, sol, the colloidal particles move towards the anode, proving 
that As,S, particles bear a negative charge. On the other hand,. 
when electric current is passed through ferric hydroxide sol, the 
particles move towards the cathode, indicating that they are 
positively charged. 

All colloid particles in a given colloidal solution have the same 
type of charge. Sols of metallic hydroxides generally carry a positive 
charge whilst most other sols such as metals, As,S,, etc., carry a 
negative charge. An apparatus which is used for demonstration of 
electrophoresis is described below : 

The apparatus consists of a U-tube which is half-filled with 
distilled water. About 5 grams. of urea are added to about 50 c.c, 
of colloidal solution of arsenious sulphide to make the sol denser 
than water. The yellow colloidal solution is then run slowly by a 
pipet into the lower part of the U-tube, Platinum electrodes are: 
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placed in each arm of the U-tube. The electrodes are connected to 
the poles of a current source of sufficiently high voltage. After 
some time, the level of arsenious sulphide 
is found to fall on the cathode side of the 
U-tube and to rise on the anode side. This 
experiment, therefore, shows very clearly 
that arsenious sulphide moves towards the 
anode and hence the colloidal particles of 
arsenious sulphide sol are negatively charged. 

The experiment may be repeated with the 
colloidal solution of ferric hydroxide which 
will be found to move towards the cathode. 
This proves that the particles of colloidal 
ferric hydroxide carry positive charges. 

(d) Coagulation of colloids. If a small 
amount of an electrolyte is added to a colloidal 
solution, the solution first becomes turbid 
and finally the dispersed phase separates out of 
‘the liquid in the form of a precipitate. This process of separating 

the dispersed phase from the dispersion medium in the form of 
recipitate is known as coagulation; the solid which separates is 
nown as coagulum. For example, when some hydrochloric acid 
or some salt solution is added to yellow colloidal solution of arsenic 
trisulphide, As,S,, the arsenic trisulphide separates out of the 
solution in the form of yellow precipitates. 

The coagulation of a colloidal solution is due to neutralisation 
of the charge on the colloidal particles by the added electrolyte. 
When an electrolyte is added to a solution, it greatly increases the 
total concentration of ions in it. The colloidal particles adsorb ions 
of opposite sign. Thus, the initial charge of the colloidal particles 
are neutralised after which the coagulation of the sol occurs. 

Emulsions. Emulsion is defined as a stable colloidal system 
in which one liquid is dispersed into another liquid. The common 
example of emulsion is milk in which fine particles of butter-fat 
is suspended in water. 

If an oil such as kerosene is shaken with water, an emulsion of 
oil and water is obtained. Such emulsions are not stable and upon 
standing separation of the liquids into two layers occurs. If certain 
substances such as soap is added to the oil and water before shaking, 
the emulsion becomes stable. Such substances which stabilise the 
emulsions are known as emulsifying agents or emulsifiers. 

Soaps and detergents are cleansing agents. The cleansing 
capacity of detergents and soaps depends upon their ability to act as 
emulsifying agents. Casein in milk acts as emulsifier. 

"The realm of colloids. Colloids are of greatest importance in 
our everyday life and industry. Every individual animal is built 


Fig. 10,15 


: 
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up from complex material called protoplasm which is colloidal. 
Hence, biological phenomena are connected with processes that take 
place in the colloidal dispersion of matter. Matter in the colloidal 
state also plays very important role in agriculture and in many 
industries such as tanning of leather, in the production o! rayon, in 
the dycing of textile fibres, in the manufacture of paints, photo- 
graphic plates, etc Many of our foods are colloids. For example, 
milk is an emulsion of butter-fat in water. In ice cream, casein is 
present in colloidal state and is prevented from coagulating by the 
addition of protective colloids like albumin (white of egg) and 
gelatin. Many pharmaceutical preparations are either colloidal 
‘suspensions or emulsions. For example, colloidal gold is used for 
intermuscular injection, colloidal silver (argyol and protargol) is 
used in eye treatment. The blue colour of the sky is due to the 
scattering of blue light by the dust and water particles suspended 
in air. In soil, there exist various colloidal substances such as the 
humus, colloidal ferric hydroxide, aluminium hydroxide, clay, etc. 
Owing to the presence of these, soluble substances such as salts of 
potassium, phosphates and other substances necessary for the life 
of plant are retained in the soil instead of being washed away. 
"Thus, it would not be exaggerative to say that the colloidal state 
of matter has been chosen by nature as the vehicle of life. 


APPENDIX 
Distinetion between colloidal solution and true solution. 
Colloidal solution 


In colloidal solution, the 
average diameter of the 
dispersed particles lies in the 


True solution 


(1) In true solution, the average 
diameter of the dispersed 
particles is smaller than 


Q) 


10-7 em. 

True solutions can pass 
through the pores of the 
filter paper and the membra- 
nes of parchment paper, bull 
bladder, etc 


range 107? to 107* cm. 
Colloidal solutions can pass 
through filter paper but can 
be detained by membranes 
of parchment paper, bull 
bladder, etc. 


(3) True solutions are homo- Colloidal solutions are hete- 
gencous. F rogeneous. 

(4) True solutions do notexhibit | Brownian movement and 
Brownian movement and Tyndall effect are character- 
Tyndall effect. Bue of colloidal solutions 

only. 

(5) True solutions cannot be Colloidal solutions can be 
coagulated. coagulated. 


(6) 


The colour of the true 
solution depends on the 
ions or molecules present 


The colour of the colloidal 
solution depends on the wave- 
length of light scattered by 


in it. colloidal particles. 
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Problems 


Ex. 1. 30grams of water saturated with potassium nitrate at 
80°C is cooled to 10°C. Calculate the weight of the salt deposited. 
Solubilities at 80 C and 10 C are 169 and 20°9 respectively. 


100 grams of water are saturated with 169 grams of KNO, at 
0C. 


169 x 30__ co. 
100 =50°7 grams 


of KNO, at 80°C. Similarly, 30 grams of water are saturated with 


2 627 grams of KNO, at 10°C. 


30 grams of water are saturated with 


Weight of potassium nitrate deposited =(50°70 — 6-27) =44-43 
grams. 


Ex. 2. 30c.c. of a sturated solution contain 22 grams of the 
solute at 30°C. Ifthe specific gravity ofthe solution is 1:4, cal- 
culate the solubility of the substance at 30°C. 


The weight of 30 c.c. solution=30 x 1*4—42 grams. 
Weight of water=42—22=20 grams. 
20 grams of water contain 22 grams of the substance. 


100 grams of water contain 22x 100 < 10 grams of 


the substance. 
The solubility of the substance at 30°C=110. 


Ex. 3. A hydrated sulphate of a bivalent metal contains 36-06% 
water of crystallisation. Ifthe atomic weight of the metal is 63°5,. 
calculate the number of molecules of water of crystallisation. 


The formula of hydrated sulphate is MSO,, nH,O. 
Molecular weight of hydrated sulphate 
=63°54+324+4 x 16+4+nx 18 
=1595+nx 18 
Now, (159:5-Fn x18) grams of the hydrated salt contain mx 18° 
grams of water. 


fth in 182 x 100 
100 grams of the salt contain 159-5. 18n Stams of water. 
182 x 100 


159°5 + 18n 
n=5 
Hence, the number of molecules of water of crystallization is 5. 


Ex. 4. 1 gram ofa metal (at. wt. 27) is converted into 12°35 
grams of a hydrated sulphate, If the hydrated sulphate contains. 


= 36°06 


- 
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48-64% of water of crystallisation, what is the formula of the 
hydrated salt ? 


100 grams of the hydrated salt contain 48:64 grams of water of 
crystallisation. 


12:35 grams of the salt contain =6°007 grams of 


48:64 x 12°35 
100 

water of crystallisation. 

Amount of anhydrous salt= 12:35 — 6'007 = 6:343 grams. 

Amount of sulphate in the anhydrous salt 

2—6:343—125:343 grams. 
Again, the equivalent weight of sulphate="0=48 

5:343 grams of sulphate combine with 1 gram of the metal. 
1x48 
5:345 
the metal. .. Equivalent weight of the metal 8:98 


Hence, 48 grams of sulphate combine with 


=8'98 grams of 


Hence, the valency of the meta= 27, 3 
[. valency is a whole number] 
5. The formula of the hydrated salt is M,(SO,),, nH,O 
Molecular weight of the hydrated salt 
—2x21--3x96--18n2342 4- 18n 

Hence, (342+ 18n) grams of the salt contain 18n grams of water 
of crystallisation. 
18n x 100 
342+ 18n 


roue. Vo FR SEL LAE al 
crystallisation. .'. 3424180 


s. n=18 — [7s n must be a whole number ] 
The formula of the salt is M,(SO,),, 18H,0 


100 grams of the salt contain grams of water of 


EXERCISES 


u understand by the terms, solution and solubility ? 
i ips EE would prepare a saturated solution. How would: you 
determine whether a solution was (a) unsaturated, (b) saturated and (c) super- 
EM (a) saturated solution, (b) t 
nd illustrate : (a) satura! lution, | supersaturated 
Solon (^ solubility (d) solubility curve and (c) dialysis. 


Explain how supersaturated solution is originated. 
3. How does the solubility of asolid substance in a liquid vary with 
temperature ? Explain this variation. ^ 
j would you determine the solubility of sodium chloride at room 
Mise 2 “The solubility of lead nitrate at 100°C is 140"—Explain. 


22 
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5. What is solubility curve? What informations are obtained from 
solubility curve ? With the help of the solubility curve explain clearly the 
phenomenon of supersaturation. Suggest an explanation for the single break 
in the solubility curve for hydrated sodium sulphate and the double break in the 
curve for hydrated calcium chloride. 


6. Give an explanation for the dissolution ofa solute ina solvent. Why 
does the solubility of anhydrous sodium sulphate decrease with temperature ? 

7. Define, with examples. the crystal and crystallisation. What is 
mother-liquor ? What do you mean by fractional crystallisation ? 

8. What do you mean by water of crystallisation? Make an experimental 
arrangement to prove that water in a crystal exerts pressure. 

9. Define (a) efflorescence and (b) deliquescence. ‘Some substances are 
efflorescent and some substances are deliquescent"—Explain. 

10. Write notes on: (a) solubility curve, (b) colloid, (c) dialysis 
and (d) water of crystallisation. 

1l. What do you mean by efflorescence and deliquescence ? Give 
examples. How would you determine the water of crystallisation of alum ? 

12. Show and explain the nature of the solubility curve of hydrated 
sodium carbonate. 

13. What is the difference between a colloidal solution. and a true 
solution? What do you mean by dialysis ? 

14. What is Tyndall effect? What do you mean by Brownian motion ? 
How would you separate colloidal solution from true solution ? 

15. “Colloids are nota particular class of substances but they. are a 
particular state of matter"—Explain. 


16. At 100°C, 58:5 grams of barium chloride saturate 100 grams of water. If 
the solution is cooled to 10°C, what amount of barium chloride will Separate 


out? The solubility of barium chloride at 10°C is 36. [ Ans, 22:5 gram ] 
17. At 20°C, 11°4 grams of lead nitrate saturate 20 grams ter. at 
is the solubility ‘of lead nitrate at 20°C? E - "t verde E 


18. 60 grams ofa substance are required to saturate 80 rams of water at 
50°C. What amount of the solute will separate when the Ration is sooled 
to 10°C? The solubility of the substance at 10°C is 50. [ Ans. 25 gram] 

19. 300 grams of potassium nitrate solution saturated at 100°C i led 
to 10°C. What amount of the salt willcrystallise out ? The solubilities of 
potassium nitrate at 10°C and 100°C are respectively 20 and 250. 

" Ans. 1648gm.] [H.S.,'82] 

20. The solubility ofa salt at 30°C is 50. What amount of the salt will be 
required to prepare 60 gram of saturated solution of the salt ? [ Ans. 20 grams ] 

21. Using the following data of lead nitrate, draw the solubility curve of 
lead nitrate. 

Temperature oc  10C 2C 30C 40°C 59° P 

Solubility 4i 48 57 65:5 75 345 os 

22.’ 60 grams of a solution saturated at 20°C, on bei 
dryness, give 10 grams of the solute. What is the solubility OPUS ae st that 
temperature ? [Ans. 20] 

23. "The crystal of calcium chloride is represented by t 2 
nHaO. 6:98 grams of calcium chloride, on being do EN d a 
constant weight equal to 3'5 grams. Find the value of n, [Ans. 6] 

24. The crystal of calcium chloride (CaCls, n i s 
of ciysiallisation, Determine the formula oF a eed 
Ca=40,-Cl=35°5. [Ans. CaClo, 6H:0 ] 


CHAPTER XI 
ELECTROLYSIS AND ELECTROLYTIC DISSOCIATION 


Conductors and non-conductors. Substances which conduct 
electric current are called conductors. Non-conductors are substances 
which do not conduct electric current. There are two classes of 
conductors—(a) Metallic or electronic conductors, and (b) Electro- 
lytic conductors. 


(a) Metallic or electronic conductor. When electric current is 
passed through a copper wire, the wire is heated, but is otherwise 
unchanged. When the current is cut off, it regains its original 
properties as soon as it is cooled to its original temperature. 
Copper does not undergo any chemical change. Substances which 
conduct electric current without undergoing any chemical change 
are termed metallic or electronic conductors. In, metallic con- 
ductors, the conduction of current is due to loose electrons in the 
conductors. The loose electrons are pushed from one atom to the 
next by the battery or generator. Asaresult, there is a flow 
of stream of electrons or conduction of current, The metallic 
conductivity decreases with increase of temperature. 


(b) Electrolytic conductors or electrolytes. On the other 
hand, when electric current passes through water acidified with a 
little sulphuric acid, it causes a chemical decomposition in it, since 
hydrogen is given off at one electrode and oxygen at the other and 
this decomposition continues as long as the current flows. 
Substances which conduct electric current in solution or in the 
fused state and simultaneously undergo chemical change are called 
electrolytes. Substances which do not conduct current in solution 
are called non-electrolytes. 


Pure water is a very poor conductor of electric current, But, if 
onlya small amount of salt is dissolved in water or any acid or 
base added to it, water becomes good conductor of electricity. 
Hence, acids, bases and salts are called electrolytes. On the other 
hand, if sugar is dissolved in water, the solution obtained is equally 
poor conductor. Hence, sugar is a non-electrolyte. 

Electric current can pass through fused or molten salts such as 
AgCI, and NaCl and fused hydroxides such as NaOH and KOH, and 
decomposes them. Dry salts, on the other hand, are not conductors 
of electric current. In electrolytic conduction, the current is 
carried by ions. The electrolytic or ionic conductivity increases 
with increase in temperature. 


Eleetrolysis. Electrolysis may be defined as the chemical process 
| which takes place, when an electric current is passed through the 
j solution of an electrolyte. The apparatus in which the electrolysis 


| 
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is accomplished is known as electrolytic cell. As an illustration of 
the process, the electrolysis of zinc chloride is shown in fig, 11.1. 
A rectangular glass vessel is partly filled with the solution of ' 
zinc chloride in water. A 
Battery strip of brass and a carbon 
rod are dipped into this so- 
lution as shown in fig. 11.1. 
The two rods are then 
connected to a storage 
battery or generator which. 
supplies electricity. These 
rods which bring the current 
into and out of the solution 
are known as the electrodes.. 
The electrode which is- 
Fig. 111 connected to the positive 
NES pole of the battery is called! 
the positive electrode or anode and the electrode connected 
with the negative pole of the battery is called the negative 
electrode or cathode. Hence, the brass strip connected with the 
negative pole of the battery is the cathode and the carbon rod: 
connected with the positive pole is the anode. 


If we pass electric current 
through the solution by con- 
necting the two electrodes 
of the battery, we see that 
grey metallic zinc is deposited 
on the brass cathode and that 

eenish yellow chlorine gas 
s liberated at the surface of 
the carbon electrode and 
escapes as gas bubbles. In 
this process, zinc chloride is 
said to be electrolysed and it 
undergoes chemical decom- 
position into metallic zinc 
and chlorine gas. 


Theory of electrolytic 
dissociation. In order to 
explain the phenomenon of 
electrolysis, the Swedish scien- 
tist, Arrhenius, put forward 
the theory of electrolytic 
dissociation or ionisation. 
The subject-matter of his 2 
theory is as follows : Fig. 11.2 : Arrhenius. 


(i) When the electrolytes are dissolved in water, their molecules 


bama 
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veversibly decompose or dissociate into ions, The ions formed 
remain in equilibrium with undissociated molecules. Each 
substance gives rise to two types of ions, positive ions and negative 
ions, The total number of positive charges acquired by positive 
ions must be equal to the total number of negative charges acquired 
‘by negative ions so that the solution as a whole remains electrically 
neutral. Thus, when sodium chloride is dissolved in water, it 
reversibly decomposes into positively charged sodium ion and 
negatively charged chloride ion : 
NaCl = Na* + Clr 

the reversed arrow indicating that the ions may re-unite to form 
molecules of sodium chloride. Such reversible decomposition of 
the molecules of electrolytes into positive ions and negative ions, 
when they are dissolved in water. is called electrolytic dissociation. 
Further examples of electrolytic dissociation or ionisation are : 

H,SO, = 2H* + $0,7-; NaOH = Na* + OH- 

NH,Cl = NH,* + CI; Cu30, = Cutt +, $0,77 

(ii) The degree of ionisation of an electrolyte is defined as the 
ratio of the number of ionised molecules to the total number of 
molecules dissolved. That is, it is the fraction of the total ' 
electrolyte split into ions. As the solution is diluted more and 
more, molecules are dissociated into ions and at infinite dilution, 
ic, when the solution is extremely dilute, the dissociation of 
the electrolyte into ions becomes complete. This means that as the 
solution is diluted the equilibrium existing in solution between 
€ unionised molecules and the ions shifts towards the formation 
of ions. 

Electrolytes can be classed as strong electrolyte and weak 
electrolyte according to their ability of dissociating into ions. 
Electrolytes which dissociate feebly at moderate dilution, ie., 
which yield insignificant quantities of ions in aqueous solution are 
called weak electrolytes. Examples of weak electrolytes are weak 
acids such as acetic acid, carbonic acid, hydrocyanic acid, and 
weak bases such as ammonium hydroxide, etc. Electrolytes which 
readily dissociate into ions and show a very high degree of 
dissociation at moderate dilution are called strong electrolytes. 
Examples of strong electrolytes are strong acids such as hydro- 
chloric acid, sulphuric acid, strong bases such as KOH, NaOH and 
salts like NaCl, KCI, CuCl,, etc. 

(iii) In the electrolytic conduction, the current is carried by 
ions. If a particular substance cannot dissociate into ions in 
solution, it will be a non-conductor of electric current. 

(iv) The decomposition of the electrolyte into ions is not 
effected by the current but occurs as soon as the electrolyte is 
dissolved into water. The only effect of the current on the solution 
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is that it makes the ions travel towards the electrodes. During the 
passage of a current in solution, the two ions travel in opposite 
directions ; the positive ions move towards the negative electrode 
or cathode and the negative ions move in opposite direction 
towards the positive electrode or 
anode. The positive ions which 
are attracted to the cathode are 
called cations and the negative ions 
which are attracted to the anode 
are called anions. When the ions 
reach the electrodes, they are 
discharged and simultaneously lose 
their charges and become neutral 
atoms or group of atoms which are 
deposited or liberated at the 
electrodes. 


The criticism of ionic theory 

Fig. 11.3 and the mechanism of ionisation. 

The Arrhenius theory of electro- 

lytic dissociation made no allowance for all the complexity of the 

phenomena taking place in solutions. For example, it regarded 

ions as absolutely free particles which are independent of the 

molecules of solvent. That is, it did not take account of any 

interaction of the particles of solute with those of solvents. It did 

not explain how could a mere solution in water serve to separate 

the different parts of the molecule (e.g., sodium jon and chloride 

ion in sodium chloride) since the attractive forces between them 

is very great. All these phenomena became clear when the 
structures of atoms and molecules were understood clearly. 


It is now known that crystals of many electrolytes are built up 
not of molecules, but of positively and negatively charged ions 
arranged ina definite order in the crystal lattice and held in 
position by forces of electrostatic attraction. Therefore, when such 
electrolytes are dissolved in water, the ions pass into solution as 
independent units and not in the form of neutral molecules. which 
do not exist in the solid electrolyte, When a crystal of sodium 
chloride is brought in contact with water, the ions at its surface 
begin to attract the polar water molecules. The water molecules 
are attracted to the sodium ions by their negative poles and to the 
chloride ions by their positive poles. The molecules of water 
then orient themselves around the sodium and chloride ions as 
shown in fig. 10.3 


But the water dipoles attract the ions with the same force as the 
ions attract the dipoles. Consequently, the. attractive forces 
between the ions is weakened so greatly that the energy of the 
motions of molecules in the solution is enough to separate the 
ions from each other. The extent of attraction between the dipoles 


—— 
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and the ions depends upon such factors as the radius of the ion, 
charge on the ion, and the dipole. 


_ Many polar substances which consist of molecules (but not of 
ions) also decompose into ions when dissolved into water or other 
polar solvents. The mechanism of dissociation of polar molecules 
into ions is shown in fig. 11.4, The positive poles of water molecules 


Qa OW Qo 
358-3 


Fig. 11.4: Change of polar structure to ionic structure, 


attract the negative poles of the molecules of the electrolyte while 
the negative poles of water molecules attract the positive poles of 
the molecules of the electrolyte. Consequently, the polar molecule 
of the electrolyte is stretched by water molecules, moving its poles 
apart. Asa result of this, the polar molecule of the electrolyte is 
broken down into separate ions. For example, when hydrogen 
chloride is brought in contact with water, the positive pole of 
hydrogen chloride is attracted by the negative poles of water mole- 
cules while the negative pole of hydrogen chloride is attracted by 
the positive poles of water molecules. As a result, the polar HCl 
molecule is stretched and broken down into separate ions, H* and 
Cis 

After passing into solution, the ions may remain attached to 
water molecules. The ions combined with water molecules are 
called ionic hydrates. For example, each hydrogen ion, Ht 
combines with a water molecule to form hydronium or oxonium ion, 
H,O*. Similarly, many cations such as Mg**, Al***, etc., combine 
with water molecules to form their ionic hydrates such as 
[M2(H,O),]**, [AKH40),]***, etc. Anions such as Cl^, Br", 
etc., are also hydrated or solvated. Obviously, therefore, the 
dissociation of the electrolyte does not result in the formation of 
ions but of compounds between ions and the solvent molecules 
(when the solvent is water, ionic hydrates are formed). The ionic 
hydrates formed are ina state of incessant disorderly motion and 
collide with one another. Asaresult of collisions they may 
combine to form hydrated molecules which may again be broken 
into the hydrated ions. Now, the more is the concentration of the 
solution, the greater is the number of collisions among the hydrated 
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ions. Therefore, one may conceive that concentrated solutions 
contain hydrated ions in equilibrium with unionised molecules. In 
writing the ionisation equations, the formulas of the ions are 
written for the sake of simplicity instead of writing the formulas 
of the ionic hydrates. This is justified because the number of water 
molecules attached to the ion is not very often known and may 
vary with the concentration of the solutions and the temperature. 


ihe mechanism of electrolytic conduction. Let an aqueous 
solution of a hypothetical electrolyte, M*X- be placed ina 
rectangular glass vessel Two chemically inert electrodes are 
dipped into. it. The two electrodes are then connected to a 
source of direct current such as battery or generator (fig. 11.5). 
The electrode connected to the negative terminal of the battery 
becomes negative because electrons are pushed into it by the 
potential or electron pressure of the battery. The electrode 
connected to the positive terminal of the battery becomes 
positive because electrons are pulled out of it by the battery. 
The electrode which becomes negative is called cathode (at 
this electrode, reduction takes place, i.e., electrons are gained), 
and the electrode, which becomes positive is called anode (at this 
electrode, oxidation takes place, i.e., electrons are removed). Thus 
battery or generator acts as an electron pump ; it pushes electrons 
into the cathode and pulls them out of the anode. Because 
electrons cannot move alone through the solution of the electrolyte, 
the battery cannot keep up the flow of electrons unless they are 
removed from the cathode and given up to the anode by the ions. 


The molten electrolyte or the solution of the electrolyte, 
M*X-, contains equal numbers of positive ions, M* and negative 
ions, X-. Attracted by the field of the negative electrode (cathode), 
positive ions, M*, migrate to it where they gain electrons (and 
hence are reduced) and are converted into neutral atoms of M : 


At cathode: Mt --e— M 


Simultaneously, the negative ions, X^, being attracted by the 
field of the positive electrode (anode), migrate to the positive 
electrode where they lose electrons (and hence are oxidised) and 
are converted into neutral atoms of X : 


Atanode; X-— X +e 


Thus, if there is a loss of one electron at theanode (the anode 
gains it), there isa corresponding gain of one electron from the 
“cathode (cathode loses it). Therefore, if two X- ions give two 
electrons to the anode, there is effectively a flow of two electrons 
in the external circuit, from the anode of the electrolytic cell to the 
cathode of the voltaic cell at which they are gained. Two electrons 
-are simultaneously liberated at the anode of the voltaic cell and 
-they flow in the external circuit from the anode of the voltaic cell 
to the cathode of the electrolytic cell; at the cathode, two 
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M+ ions gain two electrons. Thus the number of electrons lost in 
the oxidation process (X-—X-Fe) is equal to the number of 
electrons gained in the 


reduction process (M*+e EE oni 

=M), ie. there exists a 

“conservation of elec- aii en 
rons.” i i 

trons With jons of Cathode. ARUM 


unequal charge such as 
M** and X- (for example, 
when the electrolyte is 
AlCI,) the numbers of 
positive and negative ions 
which are discharged at — , 
the electrodes so adjust mze-wl-3 
themselves as to maintain 
this equality. In the ^ —  (L—-9———— -9— 
case of the electrolyte 
M**(X-7), three anions, Fig. 115 

X-, are discharged at the Pos. 

anode for each cation discharged at the cathode so that the number 
of electrons gained by the cation, M**, becomes equal to the 
number of electrons lost by the anion X". 

The flow of current in the complete electric circuit as shown in 
fig. 11.5 is due to the movement of electrons in the external circuit 
and the migration of ions in both directions. The whole process of 
electric conduction in this system thus takes place in the following 
Steps : 

(i) Battery or generator or other source of direct current 
pushes electrons into the cathode. : 

(ii) Cations or positively charged ions move towards the 
negatively charged cathode. Cations combine with electrons from 
the cathode to form neutral atoms. ^ 

(ii) Anions or negatively charged ions move towards the 
anode and give up electrons to the anode and are converted into 
neutral atoms. 

(iv) Electrons then flow in the external circuit from the anode 
through the source of potential to the cathode. 


Discharge potentials. Different energies are required to dis- 
charge different ions from their aqueous solutions. For example, 
energy required to discharge the hydroxyl ions, OH-, is smaller 
than the corresponding energy required to discharge the sulphate 
ions, SO;-. In general, the energies required to discharge an ion 
from aqueous solution are expressed in terms of discharge 
potentials. Discharge potential may be defined as the minimum 
potential which must be impressed on an eletrode to discharge an 
ion from its normal solution. The discharge potentials of some com- 
mon metallic ions vary in the order 
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Nat? >Zn*?>Fet*>Cd*+?>Snt?>Pb*?Cut?>Ag*!. 


The qualitative manner in which the discharge potentials for some 
common anions vary 1s SO;?*—NO;'—OH--Cl--Br--I-. In 
general, the higher the discharge potential of an ion, the more 
difficult it is to discharge the ion from solution. For example, if 
we electrolyse, at a sufficiently low applied potential, a solution at 
which both Cut? and Cd*? ions are present, then only Cu*? ions 
are discharged at the cathode while Cd*? ions remain in solution. 
This is due to the fact that Cu*? ion has lower discharge potential 
than Cd** ion. The discharge of ion from solution also depends 
on other factors besides discharge potential. One of the most 
important of these factors is concentration of the solution. For 
example, when moderately concentra- 

Metals Non-metals ted solution of Cu(II) chloride is 
K F electrolysed, copper and chlorine are 


Na o obtained while the electrolysis of 
P cl dilute solution of Cu(II) chloride 
Ca Br yields copper and oxygen. Thus, 
M I whether chlorine or oxygen is obtained 
AD S depends on their relative concentra- 
C P tion in solution. Another factor on 
Mi N which discharge of ions depends is the 
Zu B material of the electrode at which 
Cd they are discharged. For example, 
F c when sodium chloride solution is 
Co Si electrolysed using an inert electrode 
Ni such as gas-carbon electrode or plati- 
S 1 num electrode, H* ions arc discharged 
Pb at the cathode while on electrolysis of 
H sodium chloride solution using mer- 
Sb cury cathode, Na* ions are discharged 
Bi at the cathode. 

As From the foregoing discussions, 
Cu we can derive the following con- 
Hg clusions : 

Ag (i) At the cathode, positively 
Pt charged ions gain electrons (and are 
Au discharged, e.g., M*--e—M). 


Fig. 11.6 : Electrochemical series, (ii) At the anode, negatively 
; charged ions lose electrons (and are 
discharged, e.g., X-X +e). 


_ ii) The more easily a metal yields electrons, the less readily 
its ions are discharged. Thus other conditions being equal, the 
ions of the metals at the top of the electrochemical series (fig. 11.6) 
are discharged least readily while ions of the metals at the bottom 
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of the electrochemical series are discharged most readily. For 
example, other conditions being equal, gold ion, Au*, is discharged 
much more readily than zinc ion, Zn**. 


(iv) The more easily a non-metal accepts electrons (or the less 
readily the anions give up their charges), the less readily its ions 
(anions) are discharged. Thus, other conditions remaining the same, 
iodide ion, I~, is discharged more readily than bromide ion, 
Br~, and bromide ion is discharged more readily than chloride 
ion. 

(v) The higher the discharge potential of an ion, the more 
difficult it isto discharge the ion from the solution. The lower 
the discharge potential of an ion, the more readily the ion is 
discharged. Thus hydroxyl ions, OH-^, are discharged more readily 
than sulphate, SO;? or nitrate, NO; ions. 


(vi) The higher is the discharge potential of an ion, the higher 
is the energy required to discharge the ion, i.e., higher potential 
(from an external source) must be impressed on the electrode to 
discharge the ion from the solution. For example, from a solution of 
CuCl, and ZnCl,, only Cu** ions are discharged at a voltage, say of 
L:2 volts but not zinc ions  Zn** ions are discharged at a voltage 
much higher than 1:2 volts. In general, the ions of the metals at 
the top of the electro-chemical series are discharged at higher 
applied potential while the ions of the metals at the bottom of the 
electro-chemical series are discharged at lower applied potential. 


The foregoing points must be borne in mind while considering 
the examples of electrolysis. 


Explanation of the phenomenon of electrolysis in the light 
of the theory of electrolytic dissociation. (i) Electrolysis of 
molten sodium chloride, NaCl. Molten sodium chloride is 
taken intoa crucible and two carbon electrodes are dipped into 
it. An electric potentia] from a battery or generator is applied 
when sodium is deposited at the cathode and chlorine gas is 
liberated at the anode. The process can be explained as follows : 
solid sodium chloride consists of equal number of sodium 
ions and chloride ions, If sodium chloride is molten, the ions 
are free to move. Electrons are pushed into the cathode by 
the potential of the direct current source and hence the cathode 
becomes negative. Simultaneously, electrons are removed from 
the anode and hence the anode becomes positive. Attracted by 
the field of negative electrode, Na* ions migrate to it where they 
gain electrons (and hence are reduced) and are converted into 
neutral sodium atoms : 


At cathode: Na*--c—Na (111) 
Simultaneously, chloride ions, Cl-, move at the anode and give 


up electrons to the anode (and hence are oxidised) to become 
chlorine atoms. Since chlorine atoms cannot exist independently, 
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‘two chlorine atoms combine to forma stable Cl, molecule. So 
othe oxidation of CI- ion is written directly as : 


At anode: 2Ci-->Cl,+2e (11.2) 


The over-all reaction for the electrolytic decomposition is the 
sum of the two electrode reactions (11:1) and (11:2). Since two 
electrons are given at the anode by the two Cl- ions, two Na 
ions must simultaneously gain two electrons from the cathode for 
the conservation of electrons. Hence, the net result of electrolysis 1$ 


Atcathode: 2Na*+2e = 2Na 
At anode: 2Cl- = Cl, +2e 
Electrolytic cell: 2Na*4-2Cl = 2Na+Cl, 


The charge of the electrons is, therefore, conducted by the 
"motions of the sodium ions and the chloride ions. Thus the 
continuation of the electron stream through the wire is made 
;possible by the decomposition of sodium chloride into sodium 
ions and chloride ions. Thus the whole process of the electric 
conduction in molten sodium chloride takes place in the following 
Steps : 

(i). Generator or battery pushes electrons into the cathode. 


(ii) Na* ions migrate to the cathode and take up electrons 
‘carried by it to become neutral sodium atoms. 


(iii) Cl- ions migrate to the anode and give up electrons to 
become Cl atoms. Two chlorine atoms then combine to forma 
molecule of chlorine. 


(iv) Electrons then move from the anode through the battery 
or generator to the cathode. 


(ii) Electrolysis of aqueous solution of sodium chlorido- 
Let us take moderately concentrated aqueous solution of sodium 
chloride in a rectangular glass vessel and two platinum electrodes 
are dipped into it. The electrodes are connected toa source of 
"direct current such as battery. On electrolysis of this solution 
(moderately concentrated aqueous solution of NaCl) hydrogen is 
liberated at the cathode and chlorine gas at the anode, while OH- 
ion is produced in the solution. We can account for these products 
in the following way : 

In molten NaCl, only two ions, viz., Nat and Cl-, are present 
in the electrolyte. Hence, only one reaction is possible at each 
electrode—the discharge of Na* ions (i.e, reduction of Na* ion) 
At the cathode to form neutral sodium atom and the discharge of 
CI- ion (ie, oxidation of CI- ion) at the anode to form neutral 
chlorine atom. But in aqueous solution of sodium chloride, there 
are Na*, Cl-, H* and OH- ions. Na* and CI- ions are formed by 
the dissociation of NaCI : 


NaCl = Nat + CI- 
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and H+ and OH- ions are formed by the ionisation of water : 
H,0 = H* + OH- 


Hence, in the solution, there are more than one species of 
cations, viz., Na* and H*. We see that sodium is higher than 
hydrogen in the electrochemical series. Hence, sodium atom has 
higher tendency to form Na* ion than. does hydrogen atom 
to form H* ion. Conversely, H* ion more readily accepts electron 
thandoes Na* ion. Also discharge potential of H* ion is less 
than that of Na* ion. Hence, H* ion is more readily reduced to 
the elemental state than is Na* ion, Therefore, H+ ions are 
discharged at the cathode and yield atoms of hydrogen; the 
atoms of hydrogen unite to form hydrogen molecules which 
escape as gas. In the electrolysis of aqueous NaCl solution, 
therefore, no Na* ion is discharged at the cathode, 


At cathode: 2H* + 2e = H, (11:3). 

As H* ions are discharged at the cathode, water molecules 
ionise to maintain the H* ion concentration : 

2H,O = 2H* + 20H- (11:4). 

us the net cathode reaction is obtained by adding (11:3) and 


2H* ^ 4e-26 eu 
2H,O = 2H* + 20H- 
At cathode: 2H,O + 2e = H, + 20H- 


Hence, the discharge of H* ions leaves in solution an excess of 
OH- ions. These, with Na* ions, which remain unaffected by 
electrolysis constitute a solution of sodium hydroxide, NaOH. 


In the solution two anions, viz, Cl- and OH- are present. 
The discharge potential of Cl- ion is less than that of OH- ion. 
Hence, at anode CI- ion is discharged. 


At anode: 2Cl?^ = Cl, + 2e 

This conclusion is further supported by the fact that Cl- ion is 
less electronegative than OH~ ion. Hence Cl- ions are oxidised 
to Cl, ; OH- ions do not undergo anodic oxidation. 


Thus the net reaction for the electrolysis of an aqueous solution 
of NaCl are 


At cathode: 2H,O + 2e = H, + 20H- 


Atanode : 2CI- = Cl, + 2e 
ae cas EE A iE Ste I i 
Electrolytic cell: 2H,O + 2Cl- = H, + Cl, + 20H- 


Hence, the products of electrolysis of moderately concentrated 
solution of NaCl are H,, Cl, and NaOH. 
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Electrolysis of dilute solution of sodium chloride produces 
"hydrogen at the cathode and oxygen at the anode. In the solution, 
two cations, viz., Na* and H+ are present. Of these two cations, 
H* ion is discharged at the cathode, Hence, at cathode, hydrogen 
is evolved. 

Atcathode: 4H* + 4e = 2H, (11:5) 
As the H* ion is reduced at the cathode, water molecules ionise to 
maintain the H* ion concentration: H,O = Ht + OH. 

The two anions, viz., Cl- and OH- are present in the solution. 
Both migrate to the anode. Since the concentration of OH- ion 
4s much greater than Cl- ion, the OH- ion is discharged at the 
anode : 

Atanode: 4OH- = 40H + 4e 

40H = O; + 2H,0 

Atanode: 4OH- = O, + 2H,0 + 4e (11:6) 
Thus oxygen is liberated at the anode. The over-all- reaction 
occurring in the cell is described by adding (11:5) and (11:6). 

Atcathode: 4H* + 4e =_ 2H, 


Atanode : 4OH- = O, + 2H,O + 4e 
ae Se a NE 
Electrolytic cell: 4H* + 40H- = 2H, + O, + 2H,0 


or, 4H,O = 2H, + O, + 2H,O 


The electrolysis of dilute aqueous solution of other electrolytes 
such as sodium sulphate, potassium chloride, sodium hydroxide, 
potassium hydroxide, etc., is closely similar to that of dilute 
aqueous solution of sodium chloride, producing hydrogen at the 
cathode and oxygen at the anode. Electrolysis of fused sodium 
hydroxide yields sodium at the cathode and oxygen at the anode, 


(iii) Electrolysis of sodium chloride solution using a mercury 
cathode. If moderately concentrated solution of sodium chloride 
is electrolysed using mercury cathode and graphite anode, Na* ion 
is discharged at the cathode and chlorine is evolved at the anode. 
During electrolysis, both Nat ion and H* ion migrate to the 
cathode. In mercury sodium dissolves (forming sodium amalgam) 
and consequently, its activity is greatly reduced. Asa result, 
Na* ion is discharged at the mercury cathode and not H* ion : 


At cathode: Na* + e = Na 
In solution two anions, viz., Cl- and OH- are present. Both 


-of them migrate to the anode. Since CI- ion has a lower discharge * 


potential than OH- ion, Cl- ion is discharged at the anode and 
chlorine is evolved : 


Atanode: 2Cl- = Cl, + 2e 
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The net reaction, therefore, is : 
At cathode: 2Nat + 2e = 2Na F 
Atanode : 2Cl- = Cl, + 2e 


eel tS ee nares Pe or 
Electrolytic cell: 2Na* + 2Cl- = 2Na + Cl,. 


(c) Electrolysis of water. Water is a very weak electrolyte and 
consequently a very poor conductor of electricity. But when a little 
sulphuric acid is added to it, it becomes a 
good conductor and allows current to pass 
freely and only. water is decomposed. An 
apparatus for the electrolysis of water is shown 
in fig. 11.7. It is called a voltameter (or better 
a coulometer) It consists of two glass tubes 
with stop-cocks connected by a horizontal tube. 
The horizontal tube is fitted with a funnel 
which acts as reservoir of water. The electrodes 
consist of pieces of platinum foil which are 
fitted with the two glass tubes as shown in the 
figure. 

The two glass tubes are incompletely filled 
with acidulated water by pouring it through 
the funnel, By connecting the electrodes to 
the two poles of the battery, electric current 
is passed through water. Oxygen is liberated 
at the anode and hydrogen at the cathode. 

Water acidified with sulphuric acid contains 
hydrogen ions, H*, hydroxyl ions, OH- and 
sulphate ions, SO,~~. These ions are produced 
as a result of the following dissociations : 

H,SO, = 2H* + SO,— 

2H,O = 2H* + 20H- 
During electrolysis, the positively charged hydrogen ions, H+ move 
towards the cathode and are discharged there ; 

At cathode: 4H* + 4e = 2H, (11:7) 
Both negatively charged hydroxyl ion, OH- and sulphate ion, 
S0,-- move towards the anode, Since OH- ion has lower discharge 
poena than sulphate ion, $O,-7, hydroxyl ions are discharged at 
the anode : 


Fig. 11.7 


Atanode: 40H- = 4OH + de 
40H = O, + 2H,O 
Atanode: 40H- = O, + 2H,O + 4e (11:8) 


The over-all reaction occurring in the voltameter is described by 
„adding the equations (117) and (118). 


» 
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At cathode: 4H* + 4e 2H, 
Atanode: 40H- O, -2H,0 4-4e 


LE V c peor cio EE SIME 2. 

Electrolytic cell: 4H* + 40H- = O,+2H,0+2H, 

or, 4H,O = O,+2H,0+2H, 

(d) Electrolysis of copper sulphate solution. (i) Using copper 
electrodes. A rectangular glass vessel is partly filled with copper 
sulphate solution. Two. stout copper plates are used as electrodes. 
When the solution is electrolysed, copper is deposited on the 
cathode but sulphate ions are not discharged at the anode. Instead 
copper from the anode goes into the solution as Cu**. Hence, the 
weight of the cathode increases while that of the anode decreases ; 
the loss in weight of anode is equal to the gain in weight of the 
cathode. The total amount of copper sulphate in the solution is 
thus unaltered. 


Copper sulphate when dissolved into water dissociates as : 
CuSO, SGU - SOUS 
Water also ionises into hydrogen ion, H*, and hydroxyl ion, OH" : 
H,O = H+ + OH: 
Both the cations, Cu** and H*, move towards the cathode. Since 


copper lies below hydrogen in the electrochemical series, Cu** ions 
are discharged at the cathode and not H* ions. 


At cathode: Cutt + 2e = Cu 


In the solution, there are two anions, viz.,SO,~- and OH~. But 
none of them are discharged at the copper anode because the 
abilities of these ions to lose electrons is less than that of the copper 
atoms composing the anode. The copper atoms of the anode, there- 
fore, pass into solution as Cu** ions ; in short, the anode dissolves. 
In doing this, the copper atom leaves two electrons in the anode ; 
these electrons then flow in the external circuit from the anode 
through the source of potential to the cathode. 

Thus, during the electrolysis of copper sulphate solution, the 
total amount of CuSO,, i.e., Cu** SO,-- remains the same before 
and after the electrolysis. Copper from the anode goes into the 
dotar as Cu** ions which are discharged and deposited at the 
cathode. 


(ii) Using platinum electrodes. When platinum electrodes are 
used in the electrolysis of copper sulphate, copper is deposited at 
the cathode and oxygen is liberated at the anode. This observation 
may be explained as follows : 


Copper sulphate in solution dissociates into cupric ions and 
sulphate ions: CuSO, zs Cu** + SO,- 


. Similarly, water dissociates as: H,O = H* + OH-. Under 


the action of electric current, both Cu** and H* ions migrate 
towards the cathode. Of these two cations, only Cu** ions are 


Uu 
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discharged at the cathode, since copper lies below hydrogen in the 


electrochemical series : 

Atcathode: Cu** + 2e = Cu 
Both SO,-- ions and OH- ions go to the anode, Since the dis- 
charge potential of OH- ion is less than that of SO,-~ ion (OH- ion 
is less electronegative than SO,-- ion), OH- ions are discharged at 
the anode with the evolution of oxygen : 

At anode: 4OH- = 2H,0+0,+4e 
The sulphate ions combine with H* ions produced from water and 
form sulphuric acid: SO,-- + 2H* = HSO, 
The net effect is that Cu** ions and OH- ions are discharged, and 
H* and SO,-- ions, i.e., sulphuric acid isproduced. Thus, copper 
sulphate is removed from the solution and replaced with equivalent 
amount of sulphuric acid. 


Electrical units. A direct current of electricity passing through 
a wire is a flow of electrons along the wire. The quantity of 
electricity is measured in coulombs, Thus the coulomb (symbol 
Q) is a measure of the quantity of electricity that flows in a circuit 
in a given interval of time. Therefore, a coulomb represents the flow 
ofa definite number of electrons. 96,500 coulombs represent the 
flow of 6:023x10?* electrons, i.e., the Avogadro number of 
electrons. 

The rate of flow of electricity is the quantity of electricity passing 
through a given point of the wire in unit time and is measured in 
amperes or coulombs per second. Hence, the ampere (symbol C) is 
a measure of the rate of flow of electrons, One ampere isa flow of 
current which is equal to one coulomb per second. Hence, we can 


write : c-9 where C is the current in amperes, Q is the quantity of 


electricity in coulombs and t is the time in seconds, 
7. Q=Cxt 

ie. coulomb=ampere x second 

That is, if C ampere of current flows for t seconds the quantity 
of electricity in coulombs is given by 

Q (in coulombs)=C x t 

Practical units. One ampere is the quantity of eleotricity which, 
when passed through a solution of a silver salt for one second 
deposit 0*001118 gram or 1*118 milligram of silver at the cathode, 

One coulomb is the quantity of electricity carried by a oyrrent 
of one ampere in one second. Hence, one coulomb of electricity 
deposit 0°001118 gram of silver from a solution of a silver salt at 
the cathode, 

The quantity of electricity which, when passed through a solution 
of an electrolyte deposit one gram-equivalent of a substance is called 
one Faraday of electricity, 


23 
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Now, 0:001118 gram, of silver is deposited by 1 coulomb B 
electricity, Hence, 107-88 grams of silver are deposited by Ee 


=96,500 coulombs of electricity, 

Hence, one Faraday — 96,500 coulombs, 

Quantitative aspects of electrolysis. Faraday'slaws. In 1832, 
Michael Faraday, an English Physicist, carried out the quantitative 
study of the phenomenon of electrolysis. Asa result of his study, 
he established the relationship between the quantity of electricity 
flowing through a solution of an electrolyte and the amount of the 
electrolyte which is decomposed. These relationships can be stated 
jn the form of two laws known as the Faraday's laws of electrolysis : 

First law: The weight of a substance deposited at an electrode 
- by electrolysis is directly proportional to the quantity of electricity 
Slowing through the solution, 

-Let W grams of a substance be deposited at any electrode during 
electrolysis when Q coulombs of electricity flow through the 
solution. Then according to the first law of Faraday, 

W«Q ... W«Cxt «©. WeZxCxt (11:9) 
where Z is a constant called the electrochemical equivalent. 


Electrochemical equivalent (E. C. E.). If we put Q=1 coulomb 
'- (6e. Cx 1 ampere and t=1 sec.), then the equation (119) becomes 
W=Z 
Hence, electrochemical equivalent, Z, is defined as the amount of 
the substance in grams deposited by the passage of 1 coulomb of 
electricity, i.e., by the passage of | ampere of current for 1 second. 
It has been found experimentally that 1 coulomb of electricity 
deposits 0*001118 gram of silven from the solution of silver nitrate. 
Hence, E. C. E. of silver is 0*001118 gram/coulomb or 1*118 mg/ 
coulomb. 
_ Again, when 1 coulomb of electricity is passed through hydro- 
chloric acid solution 0*0009104 gram of hydrogen is liberated, 
Hence, the electrochemical equivalent of hydrogen is 0:0000104 
- gram/coulomb or 0°0104 milligram/coulomb. The electrochemical 
equivalents of some known elements are given in table 11.1. 


- Table 11.1 
j Elect: mical Electroch 1 
a | Pil emteraions) — NS b) 
e illigram/coulom 
Hydrogen 1045 Todine 1°3152 E 
cuo 29 Copper 03294 
g> ne 036743 Iron 0" 
EH TEM "ORE: 
e. : o um 01 
EN 
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Faraday's first law can be verified as follows: A current of 


definite ampere is passed 
times and the amount of 
the substance deposited at 
the electrode is determined. 
When the amount of the 
substance is plotted against 
the quantity of electricity 

ssed through the electro- 
yte, a straight line is 
obtained, This proves Fara- 
day's first law. 

Second law. When the 
same quantity of electricity 
is passed through different 
electrolytes, d amounts 
of different substances 
deposited at the electrodes 
are proportional to their 
chemical equivalents. 

Let the same quantity of 
electricity (say Q coulombs) 
pass through the solutions 


through an ‘electrolyte for different 


Weight of substance deposited (in grams) —» 


0 Quantity of electricity (in coulombs) —» 


Fig. 11.8 


of the two different electrolytes. Let W, grams of A whose equiva- 
lent weight is E, be deposited from the first electrolyte and W, 
grams of B whose equivalent weight is E, be deposited from the 
second electrolyte, Then by the second law, 


vee 


(1110) 


But according to the first law, Nd C RT and 


W,=Z,Q=Z,xCxt where Z, and Z, are 


respectively. Hence, weg 


„of A and B 
(111) 


From (11 10) and (11*11) we get ZB 


Thus, E-G- E of A C E. 


ofA 


. Ol 


If A is any clement and B is hydrogen, we have 


E. C. E. of any element _ C. E. of the clement 
E. C. E. of De C. E. of hydrogen 


or, 
lent weight of hydrogen is 1) 


, E. C. E. of an glement aC, E. of the element (since equiva- 
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or, E.C. E. of any element=C. E. of the element x E. C. E. of 
hydrogen- C. E. of the element x 00000104 (11:12) 
From relation (11:12), the equivalent weight of an element 
can be calculated provided E. C. E. of the element is determined 
experimentally. 
One Faraday of electricity» The two laws of Faraday can be 
stated in a simple equation. 


W«Q (First law) 
W«E. (Second law) 
Hence, W«4QE i W=} QE (1113) 


where F is a proportionality constant. If we put F=Q, then 
W=E which means that the amount of any substance deposited at 
the electrode is equal to its equivalent weight. Hence, F is the 
quantity of current in coulombs that is required to deposit one 
gram-equivalent of any substance. This quantity of current is 
known as one Faraday of electricity and is represented by F. 

Now, 0°001118 gram of silver is deposited by 1 coulomb of 
electricity. Since the equivalent weight of silver is 10788 ; one gram- 
equivalent of silver (i.e., 107:88 grams) are deposited by DE 
—96,494 coulombs which for most purposes may be rounded off to 
96,500 coulombs. 

Hence, one Faraday of electricity (F) equals 96,500 coulombs 
which liberate one gram-equivalent of any substance. That is, one 
Faraday of electricity will deposit 1:008 grams of hydrogen, 8000 
grams of oxygen, 22:991 grams of sodium, 35°45 grams of chlorine 
and 20°04 grams of calcium. On this basis, therefore, the second 
law. is more precisely expressed in the form: One Faraday of 
electricity or 96,500 coulombs will liberate one gram-equivalent of 
any substance from the solution of an electrolyte. 


The laws of Faraday are summarised in the following equation : 
W-i QE which may be written in three forms : 


CUR FT 


4 QW 
O J= 


Be Actual number of coulombs passing through solution 
$: 96,500 coulombs 
Actual weight in grams of substance deposited 
one gram-equivalent weight 
(i) == =W where C—current in amperes 
: F â t=time in seconds 


W=weight in grams of the element 
deposited. 
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A=atomic weight of the element 
n=valency of the element in the compound. 


RT CxtlA 
PS tal ght “14 
(iii) W Ro Xn (11714) 

It is thus seen that neither the voltage nor any concentration is 
directly concerned in the statement of Faraday's laws. 


Faraday's laws are also applicable to voltaic cells. The weight 
of a substance which undergoes electrode reactions in a voltaic cell 
is also proportional to its equivalent weight and to the number of 
coulombs delivered by the voltaic cell. The equations (11°9), (11°10) 
and (11°11) are thus applicable. 


Experimental verification of the Faraday's second law of 
electrolysis. The following experiment may be performed in order 
to illustrate the second law. 

Solutions of four different substances, viz., HCl, AgNO,, CuSO, 
and FeCl, are taken in four different vessels, In each vessel, two 
platinum electrodes are dipped. The electrodes are connected in 
series so that the same quantity of electricity passes through cach 
solution. The current is allowed to pass for some time so that 
sufficient quantity of electrolysis products accumulate on, the 
electrodes. The current is 
then switched off and the 
substances deposited are 
weighed. It is found that 
if one gram of hydrogen is 
‘deposited during electro- 
lysis, then 107:9 grams of 
silver, 31°8 grams of copper 
and 18:6 grams of iron are 
deposited from the respec- 
tive solutions; the gram- Fig. 11.9 
equivalent weight of silver, | 
copper and iron (in FeCl,) being 1079, 31:8 and 18:6 grams respec- 
tively. In other words, the weights of the substances deposited at the 
cathode equal their gram-equivalents Similarly, if the quantities 
ofthe substances deposited at the anodes are measured, it is found 
that in the vessel I and IV, 35:5 grams of chlorine are libera- 
ted at the anode and in the vessel IT and III 8 grams of oxygen are 
liberated at the anode. Thus, the weights of substances deposited 
at the electrode are proportional to their equivalent weights. 

Significance of Faraday's laws. One Faraday, i.e. 95,500 
coulombs of electricity liberate at the electrodes equivalent weights 
of different elements. Since in solution the current is carried by 
ions and 1 gram-equivalent of ion of any element are discharged 
and deposited at the electrode by one Faraday or F coulombs of 
electricity, it follows that 1 gram-equivalent of any ion carries 


CuSO, 
III 


FeCl 
Iv 


L 


amm 


epee 
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the same quantity of electricity, namely, 1 Faraday. Now, it is 
known that 


1 gram-ion of any element=n x 1 gram-equivalent of the ion 


(1 gram-ion is numerically equal to 1 gram-atom) where n is 
the valency of the element. . 


Hence, 1 gram-ion of any substance carries n Faraday or nF 
coulombs of electricity. Now, the number of individual ions which 
are present in 1 gram-ion is N, ie. the Avogadro number. Hence, 
N individual ions carry nx F coulombs of electricity. Therefore, 


every separate ion carries Ne coulombs of electricity. Since m is 


an integer, viz., one fora univalent ion like Na*, 2 for a bivalent 
ion like Cu**, 3 for a trivalent ion like Al*** and so on, it follows 


that charge of a univalent ion (i.e., singly charged ion) (11.15) 


Since a univalent ion is produced either by the removal or by 
addition of an electron from or to neutral atom, we can, therefore, 
write 

..F. 96,494 coulombs 
the charge of an electron, (ET En 6023x1028 
= 1602 x 1071? coulomb (11°16) 


Hence, 1:602» 107?? coulomb is the charge borne by a single 
electron. The same value of the charge of an electron was obtained 
experimentally by Mullikan. 


: Thus we see that electricity is composed of ‘atom of electricity" 
like the elementary substances which are composed of atoms. 


xis the “atom” or unit of electric charge which is equal to the 


charge of an electron. From (11:16) we get F=Ne, i.e., one Faraday 
of electricity is the charge of an electron multiplied by the Avogadro 
number. Hence, one Faraday of electricity contains Avogadro- 
number of electrons, i.e., 6°023 x 10?* electrons. For this reason, 
one Faraday is called a mole of electrons. 


From (11:15) it follows thata monovalent cation is formed by 
the loss of one electron from an atom, e.g., K2K*-re; similarly, a 
bivalent cation results from the loss of two electrons, e.g., 
Ca—>Cat?+2e and so on. Hence, the number of charges carried 
by an ion is equal to its valence. 


Lee charge carried by different ions is given inthe following 
table : 


" 
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Table 11.2 

Ion Valency | Charge carried by ion (coulomb) 
H*, Na*, K*, Rb*, Cs*, Ag* 1 1°602 x 107** (positive charge) 
XE, Cl", an I, ons NOs” Í 1602 x 107'* (negative charge) 
Batt, Sr**, Cat’, Cutt, Zn** 2 2x 1*602 x 10-** (positive charge) 
SO," SOs7* 2 2x1'602 x 107?* (negative pop 
Fet’, Alt* 3 3x 1'602x10-1° (positive charge) 
PO,', BO; jn» 3 3x1'602x 1071? aisle charge) 


Exactitude of Faraday's laws. Faraday’s laws represent one of 
the most exact experimental facts in scientific work, The reason 
for this can be understood as follows : 


An electrode reaction is essentially a counting process—a 
doling out ora removal ofa whole number of electrons at each 
electrode. In the electrolysis of four different substances, viz., 
HCl, AgNO,, CuSO, and FeCl, as in fig. 11.9, the cathode and 
anode reactions are : 

I. Cathode reaction: H*-+1e— H°, i.e., each H* ion removes: 
one electron from the cathode. Hence, 6:023 x 10?? electrons are 
required to deposit one gram-atomic weight of hydrogen, i.e., 1:008 
gram of hydrogen. Therefore, 6:023x10*? electrons are required 
to deposit one gram-equivalent weight of hydrogen. 

Il. Cathode reaction: Ag*-le-» Ag®, i.e., each Ag* ion 
removes one electron from the cathode. Hence, 6:023 x 10** 
electrons are required to deposit one gram-atomic weight of silver. 
Therefore, 6:023 x 10** electrons are required to deposit one gram- 
equivalent of silver. 

TIL Cathode reaction: Cut*+2e — Cu, i.e., each Cu** ion 
removes two electrons from the cathode, Therefore, 2 x (6:023 x 10*3) 
electrons are required to deposit one gram-atomic weight of copper. 
Now, gram-equivalent weight of copper is equal to its gram-atomic 
weight divided by two. Hence, 6:023x10** electrons are required 

_ to deposit one gram-equivalent of copper. 


IV. Cathode reaction:  Fe*?--3e — Fe’, i.e., each Fe** ion 
removes three electrons from the cathode. Hence, 3x (6:023 x 10? 2 
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electrons are required to deposit one gram-atomic weight of iron 
or 6:023x10?* electrons are required to deposit one gram- 
equivalent weight of iron because one gram-equivalent weight of 
iron is equal to its gram-atomic weight divided by its valence, i.e., Be 


In general, if M represents an atom of an element, then 
M*®+ne+M where n=valency of M 


Hence, one M*" ion removes n electrons from the cathode. That 

is, nx6023x10?? electrons are required to deposit one gram- 

atomic weight of M. Now, the valency of M is n. Hence, 

the gram-atomic weight 
n 

Hence, nx6:023 x 10?3/n. Or, 6:023x 10?? electrons are required 

to deposit one gram-equivalent of M. 


I At anode: ClI—CIl?-Fle, i.e. each Cl- ion gives one 
electron to the anode, Therefore, in order to deposit one gram- 
atomic weight of chlorine, 6:023x 10?* electrons are to be given 
totheanode. Hence, when one gram-equivalent weight of chlorine 
is deposited to the anode, 6:023x 10?* electrons are given to the 
mo NEA 

Il. Atanode: 4O0H-—2H,04-O, 4-4e, i.e., during the deposit 
of two atoms of oxygen at the anode, four electrons are given to 
theanode. Hence, when one atom is deposited on the anode, two 
electrons are given to the anode. It follows, therefore, that when 
one gram-atomic weight of oxygen is deposited on the anode 
2x(6°023x 102") electrons are given to the anode. Hence, 
6°023 x 102% electrons are given to the anode when one gram- 
equivalent weight of oxygen is deposited on the anode. dc 

Thus we see that 6:023 x 10°? electrons are required to deposit 
one gram-equivalent weight of any substance. Since 6:023 x 1028 
electrons are present in one Faraday or 96,500 coulombs, it follows 
that one Faraday of electricity or 96,500 coulombs deposit one 
gram-equivalent weight of any substance at each electrode, This 
is Faraday's second law of electrolysis. 


The relationship just described above is the basis for the 
definition of the equivalent weight of an oxidising agent ora 
reducing agent. In the oxidation-reduction reactions, a specific 
number of electrons are gained or lost by one formula-weight of a 
substance. The gram-equivalent weight of a substance is that weight 
of the substance which corresponds to the transfer of 6:023 x 10°: 
electrons, i.e., one mole of electrons. The amount in grams of any 
substance liberated in electrolysis by 1 Faraday of electricity or 
by one mole of electrons is its gram-equivalent weight. 


The determination of Avogadro's number. From equation 11.16 
we have exe or N-F where N is the Avogadro number, F is 


the gram-equivalent weight of the element— 
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-one Faraday or 96,500 coulombs (more precisely 96,494 coulombs) 
and e is the charge borne bya single electron. The charge borne 
by a single electron has been determined by Mullikan in his oil 
drop experiment to be 1°602x10-*® coulomb. From these, the 
Avogadro number can be easily calculated as shown below : 


.. 96,494 coulombs e. 1028. 
=T-602 x 10-29 coulomb 6009 x19 


Determination of electrochemical equivalent. The E.C. E. of 
an element is determined by passing a known quantity of electricity 
through a solution. and determining the amount of the element 
deposited on the electrode. 

E. C. E. of silver. The apparatus which is used for the deter- 
mination of E. C. E. of silver is known as silver coulometer as 
shown in fig. 11.10. This consists of a platinum crucible which is 
,carefully weighed. 30% solution of silver nitrate is taken into the 
‘crucible and a rod of pure silver is (+) 
dipped into the solution. This (s) 
rod (X) serves as the anode and 
is surrounded by a glass vessel (Y) 
so that no anode slime (i.e., detach- 
ed pieces of silver) reaches the 
cathode. The crucible and the 
silver rod (X) are connected to Fie. 11.10 
the negative and positive terminals By 
of the battery respectively. In between the coulometer and the 
battery, a resistance and an ammeter which measures the current 
are placed in series. The crucible serves as the cathode. 

A current of C amperes (which is read from ammeter) is then 
allowed to pass through the solution for: seconds. The deposited 
silver is washed thoroughly and the platinum crucible and the 
deposit are dried in air-oven and weighed. 

Calculation. Let W grams be the weight of the silver deposited. 
Since a current of C amperes pass for: seconds, the number of 
coulombs (Q) which pass through the solution is 

= QO=CXt 

Hence, Q coulombs of electricity deposit W grams of silver. 

Hence, by definition, 


E. C, E. of silver (Z)= 


WENS 

Q Cxt 

from which Z can be found out. The E.C. E. of silver found 
experimentally is 0*001118 gram. 

Conversely, therefore, knowing the amount of silver deposited in 
silver coulometer, the quantity of electricity passing through the 
solution can be determined, since 1 coulomb deposits 0°001118 
-gram of silver. : 


ia >á ba 
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Some Applications of Electricity in Chemistry. The application 
of electricity to chemical manufacture produced an industria? 
revolution, Some of its applications in chemical industries are 
discussed below : 


(1) Electrolytic production of elements. Electrochemical 
Processes not only displaced the older methods for the manufacture 
of such substances as caustic soda and chlorine but made possible 
the discovery and production of many new elements of great value. 
Many metals and some non-metals are made by electrolysis of either 
(i) their salt solution or (ii) their molten or fused compounds. The 
alkali metals such as sodium, potassium, etc., and the alkaline earth 
metals such as calcium, magnesium, aluminium, etc., are produced 
by the electrolysis of their fused compounds. The coinage metals 
Such as copper, silver and gold are obtained by the electrolysis of 
the solution of their salts. The electrolysis of copper sulphate 
Solution using copper electrodes serves as an example of this 
process, 

(2) Electrorotining. When two or more types of ions are 
present in solution, only one particular type of ions can be dis- 
charged and deposited at the electrode under the conditions of 
electrolysis that hinder the discharge and deposition of other types 
of ions. Such selective discharge of ions is the basis of electro- 

. refining. Many metals are purified on a large scale in industries by 
ostorsiaias. For example, in solution containing copper ion, 
Cute zinc ion, Zn** almost all of the Cu** ions can be 

a discharged and deposited in form of metallic copper at the electrode, 
under conditions which do not permit the discharge of Zn** ions. 


(3) Eleetroplating. One of the carliest applications of 
electricity was to the electroplating of metals by a process of 
electrolysis. By electrolysis of a suitable salt solution, it is often 
possible to deposit a costlier metal as a thin coherent film on 
the articles constructed of cheaper metal which is made the 
cathode, Such a process is called electroplating and is widely used 
to platea less active metal on a more active one for the purpose of 

` protecting the latter. For example, the articles made up of copper 
are electroplated with silver. In this process, a solution of 
potassium Sas ae is pose sg making the article of 
copper as cathode, the anode being a plate of pure silver : 

K/Ag(CN),] = K*--[Ag(CN),]- 
The anion undergoes a slight dissociation : 
i [Ag(CN),]* = Ag*--2CN 

` The Ag* ions thus formed are deposited on the surface of thc 

cathode as a uniform coherent film of metal. The loss of silver 
from the electrolyte is compensated by the formation of equivalent 
quantity of argentocyanide ions by dissolution of silver om the 
anode. Silver nitrate solution in silver plating cannot be used as. 
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electrolyte because the high concentration of silver ions gives rise to 
the 5) deposit of silver on the cathode instead of the thin film 
which is required. 


Cyanide solutions are also used in the electroplating of gold, 
^. WT. and other metals, The advantage of these solutions 
is t they give rise to very small concentrations of the un- 
complexed metal ions which favour the production of a uniform 
thin deposit. 

In gold plating, solutions of potassium aurocyanide K[Au(CN),] 
are used in the electroplating bath, The gold ions, Au*, which are 
formed as a result of the dissociation of K[Au(CN);] 


KAu(CN), = K*--[Au(CN),]* 
and [Au(CN),]~ = Au*--2CN* 
are din and deposited as a uniform film on the cathode which ` 
is made of the material to be gold plated ; the loss of gold from the 
electrolyte is compensated by the dissolution of gold from the 


In the electroplating of rubber, the anode is made up of a metal 
which is fashioned in the shape of a hand. The anode is dipped into 
a colloidal solution of rubber ; since rubber colloid is negative ; the 
rubber particles migrate to the anode and are deposited upon it in 
the form of a rubber glove. Numerous other articles may be manu- 
factured in a similar process. 


(4) Electrotyping. A plaster of Paris, wax or gutta percha cast — 
is made of each page of the type and this is coat with graphite to 
render ita conductor. The cast is then used as the cathode in an 
electrolytic cell which contains copper sulphate solution ; the añode 
being a copper plate. Copper metal is de sited as a uniform thin 
film on the surface of em pee cast which shows an exact repro- 

the type or engraving, When a sufficiently 
thick plate has been formed, it is stripped off. The plate is then 
strengthened and thickened by filling the back with melted lead. 
Books are printed from — electrotype. Blectrotyping is also 
ucing statucs and other works of art. 


5) Electroanal: The menon of electrolysis can be 
m in the -— of derent metals present in a particular 
sample or ore. The method consists of selective discharge of ions of 
meta]s at the cathode. A metal is deposited at the cathode at a 


the voltage, it is le to separate the different” 
ysis of the 


metal which has the lowest deposition voltage (i.¢., voltage at 
E. the metal is deposited) is first deposited on the lr ge 


E 
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deposition voltage, is next deposited, and so on. Thus, when the 
- solution of salts of Cd and Zn is electrolysed, Zinc is first deposited 
when the voltage is kept at 1 volt, and when all the zinc has been 


deposited, the voltage 
deposited. 


is raised to 2 volts at which cadmium is 


Appendix 


(a) Distinction between electronic or metallic conductor and 


electrolyte. 


Metallic or electronic conductor 


(i) Metallic conductors con- 
duct electric current without 
undergoing any chemical change. 

(ii) In metallic conduction, 
the conduction is due to loose 
electrons in the metal. The 

. loose electrons in the metal are 
pushed from one atom to the 
next by the potential (or electron 
pressure) of the battery or gene- 
rator. As a result there is a 
flow of a stream of electrons 
or conduction of current 
through metallic conductors, 

(iii) The metallic conduc- 
tivity decreases with increase in 
lemperature. This isdueto the 
fact that as the temperature in- 
creases, the oscillatory motion of 
the ions increases, impeding the 
motion of electrons between 


Electrolyte 
During conduction of electric 
current, electrolytes undergo 


chemical change. 

In electrolytic conduction, 
the current is carried by ions. 
That is, the electrical circuit 
obtained when the electrodes 
dipped in the solution of an 
eletrolyte are connected to a 
battery or generator, is main- 
tained unbroken through the 
Solution by the motion and 
discharge of ions. 


ionic 
with 


The electrolytic or 
conductivity ^ increases 
increase in temperature. 


them, 
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(b) Comparison of electrolytic dissociation with thermal 


dissociation. 


Electrolytic dissociation 


Thermal dissociation 


(i) Itis a reversible ‘process, 


eg, 
CH,COOH = CH,COO" -- H* 

(ii) It leads to abnormally 
low values of molecular weight. 

(iii) The electrolytic dis- 
sociation is brought about by the 
solution of the substance in a 
suitable solvent or by fusion. 

(iv) The products of ionic 
dissociation (i.e., ions of opposite 
charges) cannot be separated 
easily because of strong attrac- 
tion between the oppositely 
charged ions. 

(v) The products of electro- 
lytic dissociation are positive 
ions and negative ions, the total 
number of positive charges 
carried by positive ions being 
equal to the total number of 
negative charges carried by 
negative ions. The solution as 
a whole, therefore, remains 
electrically neutral. For example, 

NH,CI = NH,* + Clr 

(vi) In order to bring about 
the electrolytic dissociation, the 
substance is to be dissolved in 
a suitable solvent, that is, the 
process requires a medium to 
take place, 


It is a reverible process, "uu 
PCI, = PCI, + Cl, 


It also leads to abnormally 
low value of molecular weight. 


The thermal dissociation is 
brought about by heating the 
substance, 


. The products of thermal 
dissociation can be separated. by 
p mechanical means, ¢.g., by 
diffusion, partial solution, etc. 


The products of thermal dis- 
sociation are neutral molecules, 
eg, NH,Cl= NH, + HCl 


Thermal dissociation does 
not require a medium and it 
occurs when the substance is 
merely heated. " 


ioa —— — a a 


Wofked out problems 


Ex. 1. A current of 2:5 amperes is passed through a solution of 
co sulphate, CuSO,, for 40 minutes, using platinum electrodes. 
Calculate the weight of each electrolytic product. 


Solution. The quantity of electricity that has passed through 


the solution is given by 
Q=Cxt 


4 


] 


dl o> v 
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Here, C—2:5 amperes, t=40 minutes=40 x 60=2400 seconds. 
Q—2:5x2400— 6,00) coulombs. 
63:54 
923431" 
2 1°77 


The equiyalent weight of copper= 


[ valency of copper in CuSO, —2 ; at. wt. of Cu=63°54 ] 

Hence, 1 Faraday or 96,500 coulombs of electricity deposit 
31°77 grams of copper. 

Therefore, the amount of copper deposited at the cathode is 

_ 31°77 x 6,000  ,. 

W.—— 96500 —1:975 gms. 

Similarly, the amount of oxygen liberated at the anode is 

: .,8x6,000 . d 28. 

given by W2= 96,500 ^9 497 gm. (. eq. wt. of oxygen=8) ; 

Ex. 2. For how long a time would an electric current of 
5 amperes be passed through a solution of an acid in order to 
liberate 10 litres of hydrogen at N.T.P. ? 


Solution. Since the gram-molecular weight, i.e., 2 grams of 
hydrogen, occupy 22:4 litres at N.T.P., the gram-equivalent weight 
»of hydrogen i.e., 1 gram occupies 11:2 litres at N.T.P. 


Hence, the seo tae of gram-equivalent of hydrogen which occupies 
f ; 1x10_ 10 
10 litres is DOMIDA 
Therefore, the quantity of electricity which liberate 1° gram- 
ig. 
11-277 86160 coulombs. 
Now, Q=Cxt or t=xs= -$ 717232 seconds. Hence, the 


time during which the current should be passed is 17232 seconds 
or 4 hours 47 minutes and 12 seconds. 


equivalent of hydrogen 96,500 x 


Ex. 3. For how long a time would a current of 5 amperes have 
to be passed through a cell containing fused sodium chloride in 
order to deposit 10 grams of sodium at the cathode ? 

Calculate the amount of chlorine which are evolved at the 
anode. 


Solution. Since 1 Faraday or 96,500 coulombs of electricity 
deposit 1 gram-equivalent, i.e., 23 grams of sodium at the cathode, 


10 grams of sodium are deposited by 26,500 x10 coulombs of electri- 


city. Hence, the time in seconds required to deposit 10 grams of 
'sodium is 
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Q..96,500x10. 925,,, 
t=s= AST —8391*0 seconds. 


—2 hours 19 minutes 51 seconds. 


Now, | Faraday or 96,500 coulomb of electricity liberate 
35:5 grams of chlorine. Herce, the amount of chlorine liberated at 
35:5 x 96,500x 10. , s, 
the anode= — 96,00x23. — 15:43 grams. 
Ex. 4. Acurrent was passed through a solution of silver nitrate 
for 5 minutes and 3 grams of silver were deposited at the cathode. 
What was the current intensity ? 


Solution. One gram-equivalent of silver is 107-9 grams. In order 


'to liberate 3 grams of silver 26, 00x3 coulombs of electricity should 


pass through the solution. Hence, the current intensity was 
_Q_ 96500x3  , 
C= 17 07 9x 5x 697 5 24 amperes, 

Ex. 5 What is the equivalent weight of copper if 11:8 grams of 
the metal are liberated from a solution of copper sulphate by passing 
electric current of 10 amperes for 1 hour ? 

Solution. The quantity of electricity which has passed through 
the solution during electrolysis is 

Q=Cxt=10x 60 x 60=36000 coulombs. 

Now, 36000 coulombs of electricity liberate 11°8 grams of the 

smetal. Hence, 1 Faraday or 96,500 coulombs of electricity liberate 
11-8 x 96,500 
36000 

Therefore, the equivalent weight of copper is 31°6, 

Ex. 6. The same quantity of electricity which deposited 
2:87 grams ofa metal liberated 161 c.c. of oxygen collected at 17°C 
‘and 754 mm, pressure, Calculate the equivalent weight of the» 
metal. $ 

Solution. Volume of oxygen at N.T.P. 

273,154 — 

=161 X599 750^ 150 C.C. 

Now, 1 c.c. of oxygen at N.T.P. weighs 
EPI GUNT, 

224x1000 9 001429 gram. 
Hence, the weight of oxygen liberated 0001429 x 150—0:214 gram, 
'N chemical equivalent of metal — Weight of metal 

* chemical equivalent of oxygen weight of oxygen’ 


=31°6 grams. 
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is equivalent weight of metal . 2:87 
Ns 8 0:214 


The equivalent weight of the metal=— arg — 


Ex. 7. A current of 0°02 ampere passed through a solution of a 
copper sulphate solution for five hours between copper electrodes 
liberated 0°1177 gram of copper. 

Calculate the volume of hydrogen which would be liberated at 
N.T.P. by the same current for the same time through a dilute 
solution of sulphuric acid between platinum electrodes. (C.H.S.C.) 
Also calculate the volume of hydrogen liberated at 27°C and 


750 mm pressure. 

Solution. The quantity of electricity which has passed through. 
the solution is 

Q=C x t=0°02 x 5x 60 x 60= 360 coulombs. 

Hence, the equivalent weight of copper = 01177 96.500 2315. 

NOW. weight of copper deposited _ eq. wt. of copper 
' Weight of hydrogen liberated | eq. wt. of hydrogen 
01177 2:305 
weight of hydrogen liberated 1 
(the equivalent weight of hydrogen=1). 


weight of hydrogen liberated =°1177 —0-00374 grams. 
Now, 2 grams of hydrogen (i.e., 1. gram-molecular weight of 
hydrogen) occupy 22:4 litres at N.T.P. Therefore, the volume 
occupied by 0:00374 gram of hydrogen is 


y=22 4x0 037441.9 oue, 


The volume of hydrogen liberated at 27°C and 750 mm 
41°9 x760x 300 _ 46-65 e 
273 x 750 US 


Ex. 8. An electric current was passed through two cells 
connected in series. The first cell contains an aqueous solution of 
silver nitrate and has platinum electrodes. The second cell contains 
copper sulphate solution and has copper electrodes. After a given 
time, 608 cc. of oxygen at 25°C and 745 mm pressure has been 
liberated at the anode of the first cell. Calculate the weights of the 
metals deposited at other electrodes. 

[Eq. wt. of silver—107:88, Eq. wt. of copper=31°78.] 


pressure= 
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Solution. The volume of oxygen at N.T.P. 


..745x608x273 _ AS ^ 
= 760073 +25) = c.c. =0°546 litre. 
32 x 0°546 


The weight of oxygen at N.T.P. == 0°78 gram. 


Now, | Faraday of electricity liberate 8 grams of oxygen. Hence, 
the quantity of electricity which has passed through the solution 


= DX PTB 0075 Faraday. > 


107-88 grams of silver are deposited by 1 Faraday of electricity. 
Hence, the amount of silver deposited at the cathode of the first 
cell=107'88 x 0°0975=10°52 grams. Similarly, the amount of the 
copper deposited at the cathode of the second cell=31*78 x 0:0975 
=3°098 grams. The same amount of copper would be dissolved 
from the anode of the second cell, 


Ex. 9. Two cells one containing silver nitrate solution and 
the other copper sulphate solution were connected in series, It was 
found that 0'063 gram of copper was deposited in the same time 
as 0'216 gram of silver, Determine the equivalent weight of silver. 
What weight of silver will be deposited when a current of 5 amperes 
is passed through silver nitrate solution for 10 minutes ? 

[Given: eq. wt. of Cu=31°5,] 

Solution : From the second law of Faraday : 

equivalent weight of Ag. _ wt. of Ag deposited 


equivalent weight of Cu. wt. of Cu deposited. 


je.,—— A amn 


108. 


equivalent weight of Age OUS, 


The quantity of electricity which passes through the silver7nitrate 
solution is, 
Q=Cxt=5 x 10 x 60=3000 coulombs. 
Now, 96,500 coulombs of electricity liberate 108 grams of silver. 


Therefore, 3000 coulombs of electricity liberate 108x3000 3-357 
» 


grams of silver. 


Ex. 10. A current was passed through a cell containing acidu- 
lated water and platinum electrodes for 10 minutes. The volume 
of hydrogen evolved at the cathode is measured at 17°C and 754 mm. 
pressure to be 161 c.c. Calculate the intensity ofthe current and 
also the amount of oxygen liberated at the anode, 


24 
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Solution. The volume of hydrogen at N.T.P.— 
273.,154.. 
161 X290 760 ^) c.c. 
weight of hydrogen— | (Since 22:4 litres of hydrogen 


2. MOS CU0000950-0135 gram, ] Welsh 2 gre 


. 1 ec. weighs 000009 gram.) 

Now, water contains 2 volumes of hydrogen and 1 volume of 
oxygen. Hence, the volume of oxygen which is liberated at the 
anode- 150/2275 c.c. 


; ^ 32 A 
Weight of oxygen=75 X 35: sc 100 100079 107 gram. 


Now, the quantity of electricity which passes through the 
solution is, 

96,500 x 0:0135— 1:35 x 965— 1302:75 coulombs. 

Therefore, the intensity of the current is 

LQ. 14130275 .. 4, 
corper 2:17 amperes. 

Ex. 11. 40 ml of 0:125M NiSO, solution is electrolysed by a 
current of 0:05 ampere. How long would this same current have to 
pass through the solution to remove completely the metal ions from 
this solution ? [ At. wt. of Ni258:7 ] [ LET., 73] 

Solution. 1000 c.c. of 1(M) NiSO, solution contain 58:7 grams 
of nickel. .'. 40 c.c. of 0*125(M) NiSO, solution contain 


SBT xO Xe gram of nickel. Now, End grams of nickel are 


deposited by 96,500 coulombs. 3877 x -125 x 40 


grams of nickel 


1000 
A 96,500 x 2 x 58:7 x *125 x40 _ : 
are deposited by = See OU or =965 coulombs. 
Time required to remove completely the metal ions= 905 


seconds or 5 hrs. 21 minutes 40 seconds. 


Ex. 12. The electrode reactions for charging of a lead storage 
battery are : 
PbSO,+2e-=Pb+S0;? 
pbSO, -2H,0—PbO, --SO,7? --4H* 4-2e7 
The electrolyte in the battery is an aqueous solution of 
sulphuric acid. Before charging, the specific gravity of the liquid 
was found to be Ill (15:7 per cent H,SO, by weight) After 
charging for 100 hours, the specific gravity of the liquid was found 
to be 1°28 (36:9 per cent H,SO, by weight). If the battery contained 
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‘two litres of the liquid, calculate the average current used for charg- 
dng the battery. h 


N.B. (e~ denotes electron, Assume that the volume of the 
‘battery liquid remained constant during charging). [LLT., 72] 


Solution. Before charging, 100 grams of solution contain 15:7 
grams of H,SO,. Or, io c.c. of solution contain 15:7 grams of 
H,80,. 

i +, 1577x 1:11 2000 _ 445. 
2,000 c.c. of solution contain Mao 54 


grams of H,SO,. 
Similarly, after charging, 


i c.c. of the solution contain 36°9 grams of H,SO,. 
2000 c.c. of the solution contain 369 X 1°28 x 2000 ap 2000 =944+64 
grams of H,SO,. 
<. Amount of H,SO, formed—944:64 — 348:54—596'1 grams. 
‘Now, 49 grams (gram-eq. wt. of H,SO,) of H,SO, are formed by 
96,500 coulombs. .'. 5961 grams of H,SO, are formed by 


96,500 x 596*1 coulombs. 
49 


Current used= 3 oe E ae = 3:26 amperes, 


Ex. 13. A current of 1'5 amperes is passed through 4 litres of 
4°2(M) copper sulphate solution for two hours. Calculate the 
weight of product deposited at the electrodes and the strength of 
acid in normality formed during electrolysis. [H. S.,'73] 

[ At. wt. of Cu=63'55 ] 


Solution. Since sulphuric acid is produced, the electrodes used 
are made up of inert materials such as platinum. Hence, copper is 
deposited at the cathode and oxygen is liberated at the anode. The 
quantity of electricity that has passed through the solution 
=1'5 x2 x 60 x 60 coulombs- 10,800 coulombs. Now, 96,500 cou- 


lombs liberate 63:55/2—31:77 grams of copper. .. 10,800 cou- 
lombs liberate 2177x 10.8003555 grams of copper. Hence, the 


amount of copper deposited at the cathode=3-555 grams. Similarly, 


the amount of oxygen liberated at the anode 8X 10,800 0.8957 
96,500 


grams. 
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Now, 96,500 coulombs produce 1 gram-equiv. of H* ions. 
1x10,800. ,. pur 
10,800 coulombs produce 796,500 - —0:1119  gram-equiva 
lent of H* ions. 

Now, 1 gram-equiv. of H* ion in 1 litre solution makes its- 
strength 1(N). ~. 1 gram-equiv. of H+ ion in 4 litre solution 
makes its strength i(N). .. O°1119 gram-equiv. of H* ion in 4 
litre solution makes its strength 0*1119/4—0:027975(N). 

Strength of acid produced —0*027975(N). 


Ex. 14. A current of 1075 amp. is passed through a solution of 
silver nitrate for 16 minutes and 5 seconds using platinum electro- 
des. A uniform single-atom thick layer of silver is deposited: 
covering 90% of cathode surface, leaving the rest bare. What is the 
total surface area of the cathode if each silver atom covers an area 
of 5-6 x 10729 cm.? ? [LLT., '68 ] 

Solution. The quantity of electricity passed — 10-*(16 x 60+ 5) 
coulomb=965 x 107° coulomb. 

Now, 96,500 coulombs deposit 108 grams of silver. 


$65 10-8 coulomb, deposit 108X965 x 10 ^: 10g 19-7 


gram of silver. Now, 108 grams of silver contain 6:023 x 102° 


atoms of silver. -. 108x10-? gram of silver contain 
*| 23 |ÉT 
ane — 6:023 x 10'* atoms of silver. 


.. surface area of cathode covered by silver—5*6 x 1071? x 6:025 
x1015—5:6 x 6:023 x 10° sq. cm. 
90% of the cathode surface—5:6 x 6:023 x 10° sq. cm. 


100% of the cathode surface — 6X 6°028 10° xx 100 


—3:7463 x 107 sq. cm. .'. Total area of the cathode —3:7463 x 10° 
sq. cm. 


Ex. 15. A current of 5amperes is passed through a copper 
voltameter and a silver voltameter connected in series for 32 minutes’ 
and 10 seconds. Calculate the amount of Cu and Ag deposited. 
Given E.C.E. of Cu— 0000325 gram and of Ag=0'001118 gram. 

[ C. U. (I. Sc.) "52 J 

Solution. Amount of Cu deposited —c x zx t=5 x 0:000325 x 1930 
—3:136 grams. Amountof Ag deposited—cxz x 15070011 18x 
1930—10:788 grams. 

. Ex. 16. 0:2964 gram of copper was deposited on passage of a: 
current of 0*5 ampere for 30 minutes through a solution of copper 
sulphate. Calculate the atomic weight of copper. [ELT,'2E 
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Solution: Quantity of electricity passed through the solution 
0:5 x 30 x 60 coulombs, 

Now, 0°5x 30x60 coulomb of electricity deposit 0°2964 gram 
of copper. 


£4 4, 072964 x 96500 
Hence, 96,500 coulomb of electricity deposit 5x30 x60" 


=31+78 gram of copper. 
Hence, the equivalent weight of copper= 31:78 
Cathode reaction: Cu**4-2e—Cu 
Hence, the atomic weight of copper—31:78 x 2=63.56 


Ex.17. For the electrolytic production of NaClO, from 
NaClO, as per the reaction: ClO;--H,O — CIO; t-2H* 4-2e, 
Xi) how many Faradays of electricity would be required to produce 

1 gram mole of NaClO, ; (ii) what volume of H, at S.T.P. will be 
liberated at the cathode in the time that ittakes to form 12:25 
grams of NaClO, ? LLIT., 74] 

Solution. (i) For each molecule of NaCIO, formed, 2 electrons 
are liberated. Hence, for the formation of 6'023x 10** molecules 
or gram-mole of NaClO,, 2x(6:0233x10?*) electrons or 2 moles 
of electrons are liberated. Now, 2 moles of electrons constitute 2 
Faradays of electricity, Hence, 2 Faradays of electricity liberate 1 
gram-mole of NaClO,. 

(ii) NaClO, + H,O = NaClO, + H, 

122:5 gram 22°4 litres at N.T,P. 

When 1225 grams of NaClO, are formed, the volume of 
hydrogen liberated at N.T.P. is 22:4 litres. .. When 12:25 grams 
of NaClO, are formed, the volume of hydrogen liberated at N.T.P. 
ds 2:24 litres. i 

Ex. 18. A current of 0:4825 ampere is passed through a metallic 
wire. What is the number of electrons passing per second through 
.any point on the wire ? LH. $.,'79] 

Solution : The quantity of electricity, Q=C (ampere) x t (second 

Hence, the quantity of electricity passing per second 074825 x i 

=0+4825 coulomb. 

Now, 96500 coulombs of electricity are carried by 1 mole of 
electrons or 6°023 x 10** electrons. 

~>, 0°4825 coulomb of electricity is carried by 028 x 10 o 4825 

> 
or 3:011502x 107° electrons. 


Hence, the number of electrons passing per second through any 
point of the wire 3011502 x 10** electrons. 
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Ex. 19. If a current of 2 ampere is passed through copper 
sulphate solution for 5 minutes, then how many atoms of copper 
will be deposited at the cathode ? [Cu=63°5] 

Solution: The quantity of electricity passed=2 x 5x 60 — 600: 
coulomb. 

} 3u- 63:5 

Equivalent weight of copper— ro eia 

Now, 96,500 coulombs of electricity deposit 31:75 grams of 
copper. 

31:75 x 600 
96,500 — gram of copper. 

Now, 63:5 gram of copper contain 6:023 x 10** atoms, 

31:75 x 600 6:023 x 10? x 31:75 x 600 
... 96,500 63:5 x 96,500 
atoms of copper or 1°87 x 10?* atoms of copper. 

Hence, 1°87 x 10?! atoms of copper are deposited at the cathode. 

Ex. 20. What volume of 0:((N) H,SO, will be required to 
neutralise the sodium hydroxide formed when a current of 0:965 
bar eda is passed through sodium chloride solution for 16 minutes 
and 40 seconds ? 

Solution: The quantity of eletricity passed --0:965 (16x60 
4-40)—965 coulombs. Equivalent weight of NaOH .—40. 

Hence, 96,500 coulombs of electricity produce 40 grams of NaOH: 

965 coulombs of electricity produce 0*4 gram of NaOH. 

Now, 40 gram of NaOH are neutralised by 1000 c.c. of 1(N) 

H,SO, solution. 


0'4 gram of NaOH is neutralised by 1000 x 0°4 _ 19 c c. of 


40 
1(N) H,SO, solution. 
Again, 10 c.c, of J(N) H,SO, solution=100 c.c. of 0:1(N) 
H,SO, solution. 
Hence, in order to neutralise the liberated NaOH 100 c.c. of 
0°1(N)H,SO, will be required. 


.'. 600 coulombs of electricity deposit 


gram of copper contain 


EXERCISES 


> 1. What is the difference between metallic conductor and electrolyte 7 
Define (a) coulomb, (b) anode and (c) cathode. 

2. What happens when copper sulphate solution is electrolysed using- 
(i) copper electrodes and (ii) platinum electrodes ? 

3. What are the electrode reactions during the electrolysis of CuSOs- 
H380, and NasSO, using copper electrodes ? 
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4. Explain what do you understand by electrolysis ? Give illustrations. 
State Faraday’s laws of electrolysis. How would you verify the laws 
experimentally ? 

5. Show how would you determine the equivalent weight of an element 
applying Faraday's laws of electrolysis. What is an electrochemical equivalent 
of an element? Describe the electrochemical determination of the equivalent 
weight of copper. e 

6. Give an account of the theory of electrolytic dissociation. Explain it 
with examples. 1 

7. What do you mean by one Faraday of electricity? State the significance 
of Faraday's laws. 

8. State the laws of electrolysis. Deduce an equation combining both Jaws 
a^d show how the concept of one Faraday of electricity arises from this 
equation. 

9, Write equations to represent the chemical changes that occur during the 
electrolysis of each of the following substances ; (a) stannous chloride, (b) pota- 
ssium sulphate, (c) ferric bromide and (d) aluminium sulphate. G 

10. Describe the following processes : 

(a) electrorefining, (b) electroplating and (c) electrotyping. 

1L State Faraday's laws of electrolysis and deduce a relation between electro- 
ch:mical equivalent and chemical equivalent of an element. ; 

12. State the relation between (i) electrochemical equivalent and chemical 
equivalent of an element. (ii) atomic weight and chemical equivalent of an 
element. How are these two relations derived from Faraday’s laws 
of electrolysis ? 

13. Briefly discuss the theory of ionisation, Explain the phenomenon of 
electrolysis with this theory. 

14. Define and illustrate the following : 

(a) negative electrode, (b) positive electrode, (c) electrolyte and non- 
electrolyte, (d) discharge potential, 

15. State with reasons whether the following statements are true or false : 

(i) Electrolysis is possible only with electrovalent compounds and not with 
covalent compounds. LH. $.. 78] 

(ii) Electrolysis of an aqueous solution of copper sulphate using copper 
electrodes yields copper at tho cathode and oxygen at the anode. 

(iit) Molten sodium chloride conducts electricity but anhydrous liquid 
hydrogen chloride does not. (LL T.. 67] 

(iv) When fused calcium hydride is electrolysed, hydrogen is obtained at 

ie anode. [..1.T7.773] 

v) Anhydrous hydrogen chloride isa poor conductor of electricity but its 
aqueous solution is excellent conductor. [EL T.,°73 

(vi) Sodium is prepared by the electrolysis of molten sodium chloride but 
not by the electrolysis of aqueous solution. i ap Se ere 

(vii) One and two moles of electrons are required to discharge -1 gram- 
ion and 2 gram-ions of silver and copper respectively. 

(viii) Hydrozen chloride when dissolved in water ionises but its ionisation 
does not occur when dissolved in ether. 

(ix) Blectrolysis of aqusous solution of ZnCls using zinc electrodes yi 
hydrogen at the cathode. x E «vieles 

16. Explain the following statements : 


(i) In the electrolysis of aqueous solution of lead nitrate, lead is first 
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deposited on the cathode although lead stands above hydrogen in the electro- 
potential series. 


(ii) One Faraday of electricity is called a mole of electrons, 

(iii) Ons Faraday of electricity deposit one gram-equivalent weight of any 
element. 

(iv) The ratio of one Faraday of electricity to Avogadro number is the 
charge of an electron. 

(v) When zinc is placed in a copper sulphate solution, copper is deposited. 
Hints: Copper sulphate solution contains Cu** and SO,-- ions. When zinc 
s immersed in CuSO4 solution, Zn** ions will go into solution leaving excess 

of electrons on zinc metal. Cu** ions, being attracted to the negatively charged 
zinc, take on electrons and become copper atoms). 

(vi) The degree of dissociation of an electrolyte increases with dilution. 


(vii) Ionisation of an electrolyte does not occur in non-polar solvents but 
occurs in polar solvents. 


(viii) Electrolysis of aqueous solution of sodium chloride using mercury 
cathode yields sodium on the cathode instead of hydrogen. 


(ix) The gram-equivalent weight ofa substance is that weight of the 
substance which corresponds to the transfer of 6:023 x 10°% electrons. 


(x) The relative abilities to act as ionising solvents fall in the order 
water >acetone>chloroform> benzene. 

(xi) One ampere is that amount of current flowing when 1°0x 1075 moles of 
electrons pass through any cross-section of the conductor in a one-second 
interval of time, 

[Hints: 1 mole of electrons=96,500 coulombs. 


-« 1 mole of electrons=96,500 amperes when t= 1 sec. 


«^ lampere of current! 98 500 mole=1 x 10-5 mole of electron ]. 


Problems 


Ex. 1. Calculate the amount of silver deposited on ths cathod2 when a 
current of 10 amperes is passed though the solution of silver nitrate for 10 
minutes. (At. wt. of Ag.—107:88) [ Ans, 0°67 gram] 


Ex, 2, For how longatime would acurrent of 1'5 amperes have to be 
passed through copper sulphate solution in order to deposit 3°56 grams of copper 
at the cathode (Eq. wt. of copper=31°8), [ Ans, 2 hours } 


Ex. 3. Acurrent was passed through silver nitrate solution for 5 minutes. 
2 grams of silver were deposited at the cathode. Calculate the intensity of the 
current. (Eq. wt. of Ag. —107:9) [ Ans. 5:96 amperes ] 
Ex. 4. Ifthe same electric current passing through two different solutions 
for the same time liberated 0:840 gram of a metal and 00672 gram of oxygen, 
what is the equivalent weight of the metal ? (Part question N.U.J.B.) [ Ans. 100 J 


Ex. 5. Acurrent of 5 amperes were to be passed through a solution of 
stannous chloride, SaCl, for 10 minutes to deposit 1:8466 grams of tin. Calculate 
the equivalent weight of tin. [ Ans. 594] 

Ex. 6. 19.300 coulombs of electricity were passed through two cells 
containing CugCl, and CuCl, solution. Calculate the amount of copper 
deposited at the cathode ofeach cell. (At. wt. of copper—63:54) 

[ Ans. 127708 grams ; 6:354 grams ] 


Ex. 7. An electric current was passed through two voltameters in series. 
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Both voltameters were fitted with platinum electrodes; the first contained a 
solution of a metallic aitcata, the second dilute sulphuric acid. After a given 
dime. 0'675 gram of th» metal had bea deposited on the cathode of the first 
woltamster and 73:1 c.c. of hydrogen at 16°C and 770 mm pressure had been 
«collected from the cathods of th» second. Calculate the equivalent weight of 
the metal (Cambridge 1st M. B.). [Ans. 1072] 


Ex. 8. A current of 3amperes whsn passed through a solution of silver 
nitrate deposit 2 grams of silver in 10 minutes, Calculate the B. C. E. of silver. 
[Ans. 0:00111 gram ] 
Ex.9. Two cells ons containing copper sulphate and the other silver 
nitrate are set up in series and a current is passed through them. After some 
time, it is found that 0°945 gram of copper is deposited at the cathode of the first 
cell and 3:24 grams of silver are deposited at the cathode of the second call. 
Calculate the equivalent weight of Cu. Calculate the amount of silver deposited 
-when a current of 5 amperes is passed through the solution of silver nitrate for 
40 minutes, Eq. wt. of Ag=108, [Ans. 305; 0:979 gram ] 
Ex. 10. A current is passed through two cells connected in series; the 
‘first cell contains dil sulphuric acid and has platinum electrodes, The second 
coll contains copper sulphate solution and has copper electrodes, The current 
ds passed through the solution until 152 c.c. of oxygen at 25°C and 745 mm 
Hg have been liberated at the anode of the first cell. Calculate the amount of 
‘the substance liberated or dissolved at other electrodes, (Eq. wt of 
«cOpper=31'8), 
[ Ans. (i) 00244 gram of Hg, (ii) 07759 gram of copper deposited at 
cathode. (ii) 07759 gram of copper dissolved from the anode. ] 


Ex. ll. A solution contains Fe*?, Au**, Hgj*, Mnt, Bi** and Pb*? ions 
do equal concentrations. In what order, will these ions be discharg:d during 
electrolysis ? 


Ex. 12. Make out schemes for the electrolysis of aqueous solutions of 
nickelous chloride (NiCls). potassium iodide (KU), sodium sulphate (NagSO,), 
‘barium chloride (BaCls) and lead nitrate, Pb(NO)s. 


Ex. 13. Acurrsnt of 37 amperes is passed for 6 hours between nickel 
electrodes in 0'5 litres ofa 2M solution of Ni(NOs)s. What will be the 
«molarity of the solution at the end of the electrolysis ? (LI. T., 78] 

; (Ans, 2M] 

Ex. 14. A current of 10 amperes is passed through a solution of FeCla for 
‘ive minutes and a current of $ amperes is passed through a solution of FeCl, 
for ten minutes. In which case is the amount of iron deposited greater? 
Justify your answer by calculating the amount of iron deposited in each case. 

Fe-5585 (Ans. (i) 0'868 gram. (ii) 0:579 gram ] 

Ex. 15. Electric current is passed through two cells A and B in series, 
Cell A contains an aqu*ous solution of Ag,SO, and platinum electrodes. Cell 
B contains aqueous solution of CuSO, and copper electrodes. The current is 
«passed till [L6 gram of oxygen is liberated at the anode of cell A. (i) Give 
equations for the reaction taking place at each electrode , (ii) Calculate the 
«quantities of substances deposited at the electrodes of the two cells. [ I. T. T., '75 ] 

[ Ans. Cu-635 grams, Ag=21°6 grams ] 

Bx, 16. A current of 1'5 amperes is passed through a solution of silver 

nitrate for 1 hour, Calculate ths weight of silver deposited on the cathode. 
[ Ans. 6°043 grams] [H.S.,'72.] 


Ex. 17, Calculate the amount of sulphuric acid formed during the 
«electrolysis of copper sulphate solution if 4825 coulombs are passed through the 
solution, If the volume of the solution after electrolysis 1s 500 c.c., what is the 
strength of the acid in normality ? [Ans, 2:45 grams 0'1 (N). J 


Ex. 18. When moderately conc. H,SO, is electrolysed, hydrogen is formed 
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at the cathode and peroxydisulphuric acid (H,SsOs) at the anode. Write 
equations which occur at the cathode and anode. CI LT., '74 F 


[ Hints: HSO, 2 H*--HSO; ; at anode: 2HSO7=H,S20;+2e, etc. ] 
Ex. 19. Acurrent of 2amperes is passed through an aqueous solution of 


copper sulphate through platinum electrodes for 32 minutes and 10 seconds. 
How much copper will be deposited on the cathode ? [H. S. 71] 


(1 Faraday — 96,500 coulombs ; Cu- 63:6) [ Ans. 1'272 grams P 
Bx. 20. A current of2 amperes is passed through a solution ofa salt of 
bivalent metal during 80 minutes and 25 seconds, If the weight of the metal 
deposited at tho cathode be 1'2 grams, what is the atomic weight of te pora 24) 
ns, ] 
Ex. 21. Calculate the weight of silver deposited on the cathode whena 
current of 2:5 ampsres is passed through a solution of AgNOs for one hour. 


The same current is passed through two other cells, contained in series, one 
containing a solution of CuSO, and the other dil. HaSO,. Calculate the weight 
of copper deposited and the volume of hydrogen liberated at N.T.P. (Equivalent 
weight of Ag and Cu are 107°88 and 31°75 respectively.) [ H. S. (Comp.), '67 ) 

[ Ans, 10°07 grams of Ag; 2:961 grams of Cu and 1:044 litres of He. ] 

Ex.22. How long shall electric current of 5amperes be passed through 
a solution of silver salt to coata surface of 50 square cm. with alayer of 
0:008 mm thick, if the density of silver is 10'5 gram|c.c. ? At. wt, of Ag 108. 


[Ans. 1 minute 15 seconds ] 

[Hints: Volume of Ag deposited-50x0:0008—0:04 c.c. .. Weight of 
Ag deposited =0°04 x 10*5 =0°42 grams, etc. ] 

Ex. 23. An electric current is passed simultaneously through two cells 
containing (a) acidulated water, and (b)a solution of silver nitrate. Calculate 
the weight of silver deposited in the second cell during the time that 121 6 ml. 
of hydrogen at 27°C and 750 mm pressure is liberated in the first. [At. weight 
of Ag=107°88, valency of Ag-1; i ml. of H, at N.T.P. weighs 0'000C9 gram]. 

(Ans. 1052 gram ] [ H. S. (Comp.), '65 ] 

Ex. 24. What is the concentration of Ni+ remaining in solution after 

electrolysis of 1 litre of 0'1 (M) NiSO, solution by a current of 2 amperes for 


20 minutes. The volume of the solution during electrolysis is assumed to 
remain constant. (Ni-58'71). [Ans. 0:0876 (M) ] 


Ex. 25. The same quantity of electricity is passed through acidulated water 
and through a solution of the sulphate of a metal M. The volume of hydrogen 
liberated at N.T.P. is 5'56 litres and the weight of the metal deposited is 
16:375 grams. It the specific heat of the metal is 0'094, calculate the exact 
atomic weight of the ‘meta! and the molecular formula of the sulphate: 

[Ans. 65:5; MSOs J 

Ex. 26. 40ml, of 0:125 M NiSO, solution is electrolysed by a current of 
0*05 ampere for 40 minutes. (i) Write equations for the reactions occuring at 
each electrode. (ii) How many coulombs of electricity passed through the 
solution. (iii) How many grams of product deposited on the cathode? How 
long would this same current have to pass through the solution to remove 
completely the metal ions from this solution? (iv) At the end of electrolysis 
in (v) how many grams of the product would appear at the pori M quom 

[ Ans, (ii) 120 coulombs. (iii) 003668 gram. (iv) S hours 21 minutes 40 
seconds (v) HsSO, at anode =0'49 gram ; Os at anode —0*08 gram. ] 

1 Bx. 27. When water is electrolysed ina cell hydrogen is liberated at one 
electrode and oxygen is simultaneously liberated at the other. Ina particular 
experiment, the hydrogen aad oxygen so produced were collected together and 
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the total volume measured 16:8 ml. at N. T. P. How many coulombs were 
passed through the cell in this experiment ? (LLT.,'71 7 
[ Ans. 96:5 coulombs } 
Ex. 28. In the electrolysis of CuSO, solution, (a) What weight of copper 
is deposited on the cathode by a current oflampere flowing for 100 minutes ? 
(b) What volume of oxygen at N, T. P. is liberated at the anode? If 500 c.c. 
of CuSO, solution is employed in the electrolytic cell, what is the H+ concen- 
tration after electrolysis? It is assumed that there is no volume change due to” 
electrolysis and the anode reaction is 2H,O -> 4H* - Os 4- 4e [Cu — 63:54]. 
[ Ans. (i) 1:975 gram. (ii) 343 c.c. (iii) 0*124 (N) ] 
Ex. 29. Calculate the weight of water which may have to be decomposed: 


electrolytically to give enough hydrogen at 27°C and 760 mm pressure to fill à 
balloon whose capacity is ten million litres, [Ans 728x10* grams ] 


Ex. 30. A current of 1 ampere is passed through a solution of cupric: 
sulphate for 5 minutes, using Pt-clectrodes, Calculate the number of atoms of 
copper deposited on the cathode. [ Ans. 9:36x10?? atoms. ]. 


[Hints : 2x96,500 coulombs deposit 6023 x ** atoms of Cu J. 


Ex. 31. Calculate the total charge in coulombs carried by the calcium ions 
inllitre of 0°1(N) CaClg solution, CaCls is assumed to be completely 
dissociated in solution. [ Ans, 9650 coulombs ]. 


Ex, 32. An acidified solution of copper sulphate was electrolysed between 
platinum electrodes, 0:1589 gram of copper was deposited at the cathode by 
passing 0°5 ampere current for 16 minutes 5seconds. Calculate the value of 
the Faraday and the charge on the copper ion in coulombs. Write down the 
reaction occurring at the anode, [EL T., '69] 


L Ans, 96,450 coulombs, 3:2027 x 107!» coulombs ] 


Ex. 33. What quantity of zinc in grams should be dissolved per minute in 
the galvanic cell Zn|ZnSO,— Cu/CuSO, in order to ensure current intensity 
of 5 ampere? [At. wt. of Zn=65 ). 


[ Solution : Equivalent weight of Zn=65/2=32°5, Hence, 32:5 grams of Zn aie 
dissolved by 96,500 coulombs. Now, to ensure the current intensity of 5 ampere, 
$x60-300 coulombs must te pa:sed through the galvanic cell per minute- 
When 96,500 coulombs are passed through the galvanic cell, the quantity of Zn 
dissolved = 32'S grams. So when 300 coulombs are passed, the quantity of Zo 
dissolved = 32°5 x 300/96,500 = 0°101 grams, .. The quantity of Zu dissolved per 
minute =0°101 gram. ] 


Ex. 34. 50 ml of 0-1 (M) CuSO, solution is electrolysed with acurrent of 
0:965 amp for a period of one minute, The electrode reactions are: 
Cathode: | Cu**--2e — Cu(s); anode: 2H,0 > O,(g)-4H*--4e. Assuming 
that the volume of the solution does not change during electrolysis, calculate 
the molar concentration of Cut+, H+ and SO,-^ after electrolysis. [ 1. 1. T., '67 D 

[Hints ; 0'965x60 coulombs deposit 1x0°965 x 60/96,500=0'0006 gram- 
equivalent of Cut», . Number of moles of Cu** deposited = 0'0006/2 =0'0003, 
No. of moles of Cu** before electrolysis in 50 c.c. =0'1 x 50/1000=0005. .. No. 
of moles of Cu* after electrolysis =0'005—0°0003=0'0047. .. Concentration of 
Cu™ = 0°0047 x 1000/50=0°094 moles/litre. No. of moles ot H+ liberated — 00006 
and the no. of moles of H* before electrolysis is zero, Hence, concentration of 
H*-0:0006» 1000/50=0°012 moles/litre, Since there is no change in the 
concentration of SO;- ion, the concentration of SO;~=0'1 nrole per litre.]. 


Ex. 35. The same quantity of current was passed fora period of time 
through solutions of stannous chloride, SnCl, and stannic chloride, SnCl,. 
connected in series, Were the quantities of tin and chlorine liberated from the 
two solutions equal ? { Ans. No. Amount cf Sn from SnCl, is greater. ].. 


Ex. 36, 96,500 coulombs will liberate 1 gram of hydrogen (6*X10*"* 
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atoms). Calculate (i) the mass and the number of atoms of silver deposited 
‘by 96,500 coulombs from a solution of silver nitrate, (ii) the mass and number 
_of atoms of copper deposited by 96,500 coulombs from copper sulphate solution. 

[ ISC—:2, 78] 


[ Ans. (i) 108 grams, 6°023 x 10?* atoms, (ii) 31°75 grams ; 3'0115 x 1025 atoms. 
Ex. 37. A current of 2 amperes was passed through an N solution of copper 


-sulphate for 16 minutes and 5 seconds. Calculate the amount of copper 
- deposited on the cathode, 96,500 coulombs liberate 31°8 grams of copper. 
What will be the effects when the same current is passed (i) through an 
N 


x solution of copper sulphate for the same time and (ii) through 10 solution of 


-tho same substance for 32 minutes and 10 seconds ? [ H. S., '63] 

[ Solutions The quantity of electricity in coulombs=2x965 coulombs. 
96,500 coulombs liberate 318 grams. .. 2x965 coulombs liberate 
-31'8 x 2x 965[96,500 —0:636 gram of copper. (i) the same quantity (07636 gram) 
„of copper will be deposited since the quantity of the substance deposited does 
not depend on the strength of the solution, (ii) Since the time is doubled, 
«the quantity of electricity in coulomb passed through the solution is also 
SERM Hence, the quantity of copper deposited will be doubled. ( i.e., 1272 
grams. 


CHAPTER XII 
CHEMICAL EQUILIBRIUM 


Reversible reactions. A chemical reaction in which the products* 
formed can, in turn. react to regenerate the original substances is- 
called a reversible reaction. For example, if powdered iron is- 
subjected to the action of water vapour at high temperatures,- 
ferrosoferric oxide and hydrogen are formed. 

3 Fe+4H,O —— Fe,0,+4H, 
‘On the other hand, if hydrogen is passed over ferrosoferric oxide at 
the same temperature, iron and water are formed 

Fe,0,+4H, —— 3 Fe--4H,O 
This reaction is, therefore, a reversible reaction. Instead of writing: 
two separate equations, the chemist indicates the reversibility of a 
chemical reaction by writing a pair of oppositely directed arrows,- 
thus 

3 Fe+4H,O = Fe,0,+4H, 
The reaction proceeding from left to right is conventionally called 
the forward reaction and that proceeding from right to left is called: 
the backward or reverse reaction, 

Not all reactions are reversible in practice. There are many 
reactions in which the products do not reform the original subs- 
tances. In such reactions, the initial substances are transformed 
entirely into the reaction products in which case we say that the 
reaction is complete. Such reactions are called irreversible reactions. 
Thus, the reaction 2KCIO,—2KCI14-3O, is irreversible because KCl 
and O, formed do not recombine to form KCIO,. An irreversible 
reaction proceeds in one direction only. 

The rate of chemical reactions. Ifa piece of sodium is thrown 
into water, it immediately reacts with water forming sodium 
hydroxide and hydrogen; the reaction proceeds so rapidly that 
sodium bursts into flames and often an explosion results : 

2Na--2H,0—2NaOH +H, 
If a piece of calcium is thrown into water, a vigorous reaction takes 
place with the liberation of hydrogen and formation of calcium 
hydroxide : 

Ca--2H,0 — Ca(OH), --Hs. 
On the other hand, if a piece of iron is thrown into water, there is- 
no perceptible reaction. Thus, sodium, calcium and iron react with 
water with different rates ; the rate of reaction of sodium with water 
being the highest. By the ‘‘rate of a chemical reaction" we meam 
the rate at which the concentration of the reacting substances de- 
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„creases with time. It is usually expressed as the number of moles of 
the reactants converted to products in one second or one minute OF 
‘one hour of time. The rate of reaction depends upon a number o 
‘external factors such as (i) the nature of the reacting substances, 
(ii) temperature, (iii) catalytic action and (iv) concentration © 
(the reacting substances. | 
(i) The nature of the reacting substances. The rate of the 
chemical reaction depends markedly on the nature of the reactants- 
For example, if hydrogen and fluorine are brought together even at 
low temperatures, they react with almost explosive violence to form 
"hydrogen fluoride. Hydrogen and chlorine react rapidly at room 
temperature to produce hydrogen chloride and the reaction is 
catalysed by sunlight. Hydrogen and bromine react more slowly 
‘and the reaction takes place only at elevated temperatures. The 
reaction of hydrogen and iodine takes place still more slowly and the 
reaction occurs at still higher temperatures and in the presence ofa 
catalyst such as platinum, Thus, with the same element hydrogen, 
fluorine, chlorine, bromine and iodine react with different rates. 
From this fact, it may be concluded that the reaction rate is an 
ánherent property of a reactant. 
(ii) Btfect of temperature. The reaction rate is highly influenced 
‘by the temperature. With only relatively few exceptions, the rate 
ofthe reactions increases as the temperature israised. Experiment 
.shows that each 10° rise in temperature approximately doubles or 
trebles the rate of the majority of the reactions. For example, at 
‘soom temperature, magnesium combines with oxygen of the air very 
-slowly to form MgO, while if a piece of magnesium is heated it 
“burns rapidly with a brilliant flame. f 
As the temperature is increased, the molecules becomes less stable 
‘and moreactive. With rise of temperature, therefore, the relative 
„quantity of active molecules which are more amenable to chemical 
reaction increases and hence the speed of the reaction increases. 


(iii) Effect of catalysts- Catalysts change the rate at which 
chemical reaction occurs. | A positive catalyst increases the rate of 
the reaction while a negative catalyst decreases the reaction rate. 
For example, MnO,, acts as a positive catalyst in the decomposition 
of KCIO, into KCl and O,. Finely divided metals such as platinum 
and nickel, or metallic oxides such as ferricand vanadium oxides 


increase the rate of the combination of SO, and O, to SO,. 
280,4-0,—280,; 

_ Because of this catalytic action, the manufacture of sulphuric 
acid by contact process 1s possible. Catalytic action is specific ; a 
-given catalyst catalyses certain specific reactions. One catalyst 
which increases the rate of one reaction may have no effect on 
another. Many reactions of great commercial importance depend 
‘on the use of specific catalysts. 
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(iv) Effect of concentration on the rate of reaction. The lw 
of mass action. The rate at which a chemical reaction takes place 
depends upon the concentration of the reactants. The chemical reac- 
‘tions occur faster when the concentration of the reacting substances 
is greater, For example, if a piece of iron wire is heated in air, the 
iron reacts with oxygen of air to form oxides but only slowly. If, 
however, a heated iron wire is plunged into a bottie containing 
pure oxygen, reaction occurs almost violently. Thus, the rate of 
reaction between iron and oxygen increases since the concentration 
-of oxygen increases. The quantitative relationship exist ing between 
reaction rate and concentration was first stated by two Norwegian 
chemists C. M. Guldberg and P. Waage in 1867. Their statement is 
known as the /aw of mass action. The law may be stated as follows $ 
At constant temperature, the rate of a chemical reaction is directly 
„proportional to the active masses of the reacting substances. The 
active mass is defined as the molar concentration, le, gram- 
molecules or moles per litre. 


In order to get a mathematical expression of the law of mass 
action, we shall begin with the simplest reactions in which one 
molecule of one substance A reacts with one molecule of another B 
to form one molecule of the substance C. Such reactions can be 
expressed by the following general equation : 


A+B=C (1271) 


According to the law of mass action, the rate r of this reaction 
ás proportional to the molar concentration of the reactants A and B : 

ree[A] x [B], where [A] and [B] represent the molar. concentra- 
tions of the reactants A and B. Converting the proportionality to 
.an equality, we get 


r=k [A] x [B] (12:2) 


where k is a proportionality constant or a constant of proper nume- 
ical value known as the rate constant of the reaction. The rate 
constant k remains invariable for any given reaction at a given 
temperature and characterises the influence of the nature of the 
reacting substances on the rate of the reaction between them. The 
numerical value of & is different at different temperatures. 


If [A]—1 and [B] —1, the equation (12:2) becomes 
r=k 
Hence, the rate constant k is numerically equal to the reaction 


wate when the molar concentrations of the reactants or their product 
.are equal to unity. 

If the reactants A and B are in the gaseous State, we can subs- 
titute the partial pressures for concentrations in equation (12:2) 
since according to the laws of Avogadro and Dalton, the partial 
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pressure of a gas in a gaseous mixture is proportional to the molar 
concentiation of the gas in the mixture. We then get, 

r-k,XP,XPs (123p 
where P4 and P, are the partial pressures of A and B respectively 
and k, is known as a pressure constant. 

Let us consider next less simple reactions in which two molecules 
of the substance A react with one molecule of substance B to 
produce one molecule of substance D, thus 

2A+B=D or A+A+B=D (12°4p 
For this reaction to occur, two molecules of A must collide simulta- 
neously with one molecule of B. The rate of this reaction is, there- 
fore, expressed as 


res [A] x [A] X [B] 
or rekx[A] x[A] x [B] 
=k x[A]*[B] (12:5 
If A and B are gases 
r=k,xP3XPp (12:6) 


In the general case where m molecules of A react with n molecules 
of B to form the product E, the equation may be expressed as 


mA+nB=E. 
We have the rate equation for this reaction as 
r=kx{[A]™ x(B]* (12-7p 
If A and B are gases, r2 kp x P? X Py (12:8 


The above considerations can be illustrated by the following 
concrete examples : 
G) H,+1,=2HL rzkx[H;] x [Is] 
(ii) 2NO4+0,=2NO, r=kx[NO}* x [O,] 
(iij) I,=2I r=k x[I4] 
(iv) 2HI=H +I, r=k x [HI]? 


For a reaction that involves solid, the concentration of the solid: 
reactant is assumed to be constant for the reason that only the 
particles on the surface of the solid are available for the reaction- 
Therefore, in this case, the rate of the reaction depends on the 
surface area rather than on the volumetric concentration, i.e., the 
moles per litre. Hence, ifa reaction involves a solid substance 
togejher with gaseous and dissolved substances, the rate of the 
reaction varies only with the concentration of the gaseous an 
dolgod substances. For example, in the case of combustion of 
coa! 

C+0,=C0, (12:99 
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the rate of the reac 


? tion is proportional only to the concentration of 
oxygen!: 


r=kx{O,] (12°10) 


Chemical equilibrium—a dynamic reri state. Let us consider 
à Simple reversible reaction represented by the following equation : 


A+B=C+D 


A concrete example of the reaction o 
between carbon dioxide and hydrogen : 


CO, (g)-- H.() = CO(g)4- H,O(g) 


Let us suppose that we have one mole of the reactant A and one 
mole of the reactant B in a closed container having a volume of onc 
litre. The substances are maintained at constant temperature, and 
none of the reactants and ln can escape. Initially, there will 
be no molecule of C and D and no reaction other than the reaction 
between A and B is possible, The reaction between A and B called 
the forward reaction (A--B—C--D) will start ata maximum rate 
since the concentrations of A and B are at their highest values. 
The concentrations cf A and B must decrease just as soon as any 
C and D are formed because A and B are used up in the reaction. 
Therefore, as the reaction proceeds, the concentration of the reacting 
substances and hence the rate of the forward reaction gradually 
decreases, Now, as soon as some molecules of C and D accumulate, 
the reverse or backward reaction (C--D—A-4- B) sets in. As the 
reaction proceeds, the concentration of C and D ses and hence 
the rate of the backward reaction increases We have thus a system 
in which the rate of the forward reaction which is maximum 
initially decreases progressively and the rate of the backward 
reaction whith is zero initially increases continually. Finally, a 
moment arrives when both rates me equal, 

If the initial substances are C and D instead of A and B, similar 
results will be obtained in the same way. In cither case, when the 
rates of both forward and backward reaction become equal, chemical 
equilibrium is establised. From this moment on, the concentrations 
of all four substances remain unchanged for any yn of time 
provided the conditions are not changed. In the state of chemical 
equilibrium, there is no cessation of either reaction but both the 
reactions proceed in opposite directions at the same rate. Molecules 
of C and D are continuously formed and react to give A and B again 
but the number of molecules of C and D formed in unit time is 
equal to the number of molecules of C and D that react to give 
A and B. The system at chemical equilibrium is, therefore, a 
dynamically balanced system and hence a chemical equilibrium is 
essentially a dynamic equilibrium. 


Fig. 12.1 shows how equilibrium is established in a reversible 
reaction. At the start, the forward reaction proceeds at the highest 


25 


f this type is the reaction 
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rate but the rate of this reaction decreases with time. The rate 
ofthe backward reaction is zero at the start but increases with 
time. Finally, 2 moment arrives when the rates of both reactions 
become equal at point 
Rate of the forward reaction O and the system is at 
equilibrium. From O 
that is, at equilibrium 
the two opposing  re- 
actions proceed at the 
same time with the same 
rate. Chemical equili- 
brium is attained when 
the rate of the forward 
reaction becomes equal 
to that of the backward 
reaction. 
i Chemical equilibrium 
jr may be defined as the 
state at which the rate of the backward reaction becomes equal to 
the rate of the forward reaction and hence the concentrations 
of the reacting substances do not change. 


Chemical equilibrium 


Rate of the backward reaction 


~ Rate of the reaction —- 


Time — ——5» 


Now, let us express the condition of equilibrium in mathematical 
form. Let [A], [B], (C], and [D] represent the molar concentrations 
of the substances A, B, C and D respectively. Let us suppose that 
the rate of the forward reaction (A+B—C-+D) is ry and that of the 
backward reaction (C+D—>A+B) isr,. Since the rate ofa reaction 
is proportional to the concentration of the reacting substances, we 
get for forward reaction 

ryes[A] x [B] 
or r,—k;[A] x [B] (1211) 
where K, is the rate constant of the forward reaction. Similarly, 
for the backward reaction, 
Tyes[C] X [D] 
or ry—kyC] x [D]; (12°12) 
where K, is the rate constant of the backward reaction. When 
equilibrium is established, the rates of the two opposing reactions 
become equal, that is, 
Ig 
or k,x[A] x[B]—Ks x[C] x[D] 
Rearranging this equation, we get 
[CIx[D] k, 
[A]X [B] k, 
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Since k, and k, are constants, their ratio is also a constant so 


that Ek. we then have 
b 
[C] x[D].. ; 
[A] x [B] K. (12:13) 


where [C], [D], [A] and [B] represent the molar concentrations of 
the respective substances at equilibrium. The constant K. is called 
the equilibrium constant. -The equation (12:13) is the mathematical 
expression of the law of mass action and is called the equilibrium. 
equation. j 
The numerical value of equilibrium constant is characteristic of 
each reaction and does not depend on the concentration. Since the 
equilibrium constant K is the ratio of the two rate constants ky and 
k, which change with temperature, K also changes with temperature. 
ence, K is a constant only when the temperature remains constant. 
From equation (12 13), it follows that if the numerical value of K is 
large, the numerator of the fraction on the left is large, i.e., the 
coacentrations of the products C and D in the equilibrium mixture 
arelarge. Ia other words, if K is large, the forward. reaction must 
have proceeded far towards completion before equilibrium. was 
established. Conversely, if the numerial value of K is small, the 
denominator of the fraction in the equilibrium equation is large; 
this means that the concentrations of the reactants A and B in the 
equilibrium mixture are large. The forward reaction, therefore, did 
not procsed very far towards completion before equilibrium was 
established. 
If there is a reaction of the type 2AzsC 4- D, we can write it as 
A+A=C+D, then the equilibrium equation becomes 
[C] X [D] 
fATX[A] ^. 
[C] x [D]. 
on, COS K (12:14) 
More generally, for the reaction 
mA+nB=pC+qD. 
the expression for the equilibrium constant is, 
IC]? x [D] 
[A]" x [B]" 
In general, for deriving the expressions for the equilibrium constant, 
we write the product of the concentrations of the substances on the 
right hand side of the equation in the numerator, and of the substances 
on the left hand side in the denominator. The concentration of each 
substance is then raised to a power which is equal to the coefficient 
preceding the substance in the balanced equation for the reaction. 


(12:15) 
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If a reaction involves solid substances, their concentrations are- 
not included in the expression for the equilibrium constant. For 
example, in the case of reaction between carbon dioxide and coal, 


co,+C=2C0 (12-16) 
the expression for the equilibrium constant is 
[COI* y 1217 
[COs] Bt ie 


When the reactants and products are gases, the partial pressures 
may be used instead of molar concentrations since the concentration 
of a gas is proportional to its partial pressure. For the reaction 
represented by the equation . 


mA(g)+nB(g)=pC(g)+qD(g). 


the expression for the equilibrium constant is 


a 
E KENN uen [CI XIDI* k 0218y 
RA e a [A]"xIB) ^ 
where K, is the equilibrium constant ; the subscript ‘*p’’ indicates 
that K is in terms of partial pressure. The value of K, is not 
numerically or dimensionally equal to the value of equilibrium 
constant expressed in terms of concentration, now designated for 


distinction as K,. The relation between the two equilibrium cons- 
tants K, and K, can be deduced as follows : 


We have the equation PV=nRT, or P=yRT 


or P=CRT where C is the concentration. Hence, in the present case: 
P,—[A] RT ; P,—[B] RT and soon. We, therefore, have 
p"? a 
K,- P; XP». [C]* (RT) x [D]? (RT): 
P'xp" [AI"(RT)" x [B]* (RT)* 
IC]? X [D] (p pyp-9) - (m+n) 
[AI x [Bs D 

=K, x(RT)A? 

JS K,-K,x(RT)A? Gay 
where An=(p+q)—(m-#n)=the number of moles of the gaseous 
products minus the number of moles of the gaseous reactants. 

For the general reaction, aA+bB+...= mM-rnN-... 


PUXPL Xe [MI"XINI" —(at+b+...) 
Koay IMI" XINI* X -— ue (m-n4-...)-(& 
pe xPUx.. [AP xDBP gn M 


K,=K,(RT)4" 
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Let us now apply this equation to the following examples : 

(D) H,+I,22H1; An=2-(1+1)=0 .. K,=K,(RT)’=K, 
ii) 2NO-0,2:2NO,.; An=2-(2+1)=-l, .. K,=K,(RT)"! 
Gil) N,+3H,<=2NH, ; An-2-(0143)- -2 .. K,=K,(RT)-? 

Thus, we see that for the reactions in which the number of 
molecules of the products are equal to the number of molecules of 
‘the reactant, K, isequalto K,. For reactions in which the number 
-of molecules of the reactants are not equal to the number of 
molecules of the product, K,ZK,. 

The dimension of K, and K,. If ina reaction, there is no 
‘change in the number of moles, K, and K, have no units, i.e., they 
are dimensionless. For example, in the reaction H,(g)+1,(g)= 
2HI(g), the total number of moles of the reactants is equal to the 
‘total number of moles of products, i.e., there is no change in the 
number of moles in the reaction. K, and K, for this reaction are 
«dimensionless, as is evident from the following calculation : 


g = HN? (mole/Jitre)? 
^  [H,J[I,] (mole/litre) x (mole/litre) 


E Pit — (atm)? 


" Py, X Py atmxatm’ 


and 


For this type of reactions, 


therefore, K, and K, have no units. 


However, inthe reactions in which there is a change in the 
number of moles, K, and K, will have units, For example, in the 
Teaction, PCI,==PCl,+Cl,, K, and K, have units, as is evident 
‘from the following calculation : 


.,,IPCI,][CI, —(mole/litre) x (mole/litre) _ i 
K= PCL] (molelitzeys 5 ete 
Thus K, will have the unit of mole/litre. 

Ni PCI, * Po, atm. x atm. 

P pci, atm. 
"Thus K, will have the unit of atm (or cm or mm) 
For the reaction, N, +3H,=2NH, 

ZINHIT T (mole/litre)? —(mole/litre)*? 

K, — [N,]I[H,]* (mole/litre) x (mole/litre)® (molejiitre); 

"Thus the unit of K, is (mole/litre)-* or mole~* litre?. 
i- po HR (atm.)* —(atm)-* 
Py, XP. (atm.) x (atm.)* 

"Thus K, has the unit of (atm.)-?, 
‘The equilibrium constant for a reaction in stages. A 


K, =atm. 
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reaction may be known to occur in several successive steps, by way 
of intermediate products. For each step we shall get a separate 
equilibrium constant when equilibrium is attained. For example, 
the reaction A+3B=:AB, may be known to proceed in three 
separate stages ; for each stage we shall get a separate equilibrium 
constant : 


(1) A+B = AB ; K,=JABl 


[AT[BI 

ab . g = [ABe] 

(2) AB+B = AB, ; K. = ABb] 
Li . gœ Ln [AB 
(3) ABL+B= AB, ; Ka ABIB] 


- If we consider the reaction A+3B=AB, as taking place in @ 
Single step, then 
K,— [AB4] — [ABI [ABs] ,, [ABs] 


- [AIB] [A][B] [AB]IB] [AB.) [B] 


Thus we see that the concentrations of the intermediate products, 
AB and AB, cancel out. Hence, we need not concern ourselves 
about the intermediate steps of any reaction and may write the' 
expression for its equilibrium constant asif it occured in a single 
step as indicated by the chemical equation. 


Prediction of the extent of a chemical reaction. The ex- 
tent to which a chemical reaction goes before equilibrium is 
attained can be predicted from the magnitude of the numerical 
value of the equilibrium constant, K. For example, for the 
reaction 2H,O(g)=2H,.(g)+0O,(g). K, is 135x 107!* mole/litre at 
1703^C. Since the value of K is small, negligible quantities of Hs 
and O, are present in the epuilibrium mixture. In other words, 
the reverse reaction 2H.(g)+O.(g)--2H,O(g) is practically 
complete. For this reason,a mixture of H, and Os is violently 
explosive and is called a detonating gas. Thus large value of 
equilibrium constant implies that the equilibrium mixture contains 
a high proportions of products and the reaction is nearly complete 
at equilibrium. On the other hand, if the value of equilibrium 
constant for a reaction is small, the equilibrium mixture contains. 
a low proportions of products and the reaction is far from 
completion. 

Experimental verification of the dynamic nature of chemical 
equilibrium. That at equilibrium all the chemical reaction has not 
ceased but both the forward and backward reactions are taking 
place can be proved by the following experiments: (i) Carbon 
dioxide reacts with hydrogen to form carbon monoxide and water, 
and the reaction is reversible : 


H,--CO,2:CO 4 H,O 


=K, xK, xK; 
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After the equilibrium has been established, a bit of water from the 
equilibrium mixture is replaced with heavy water D,O. After a 
time besides D,O, some D, and DH are also found in the system, 
proving that reaction is still occurring even though equilibrium has 
been established. 


(ii) Arsenious acid, H,AsO, is oxidised to arsenic acid, 
H,AsO,, by a solution of iodine in an iodide solution ; iodine being 
present in such solution as triodide ion, I;. The reaction between 
arsenious acid and the triodide ion can be represented by the 
following equation : 
H, AsO, 4-1; - H,Oz2H,AsO, 4-317 +2H* 

When the equilibrium has been obtained, it is necessary to measure 
the rate of both forward and backward reaction in order to prove 
that both the opposing reactions are proceeding at the same rate. 
This has been done with the help of radioactive isotope of arsenic, 
When pure arsenic is exposed to a beam of neutrons, it is converted 
into radioactive arsenic from which radioactive arsenious acid can be 
prepared by the usual method. It is found that radioactive arsenious 
acid is not converted into radioactive arsenic acid when it is mixed 
with non-radioactive arsenic acid in solution, When, however, 
an equilibrium mixture as shown by the above equation is made up 
with the use of radioactive arsenious acid and non-radioactive 
arsenic acid, it is found after atime that some radioactive arsenic 
acid and non-radioactive arsenious acid are present in the system. 
The rates at which radioactive arsenious acid is converted into 
radioactive arsenic acid, and at which non-radioactive arsenic acid is 
converted into non-radioactive arsenious acid are found to be equal 
and this rate is exactly equal to the rate expected from the law of 
mass action. This conclusively proves that chemical equilibrium is 
a dynamic equilibrium in which both forward and backward 
reactions are going on at equal rates. ) 

Criteria of | chemical equilibria. The following are the 
important criteria of a state of chemical equilibria : 

(i) The equilibrium state is permanent. A system at equili- 
brium will remain unaltered in composition for ever, if the external 
conditions remain the same. That is, if an equilibrium such as 
A+B=:C+D is once established, the composition of the equilibrium 
mixture does not change with time, provided the external conditions 
such as temperature, pressure, etc., remain unchanged. In other 
words, the concentrations of A,B,C and D in equilibrium state 
remain unchanged for any length of time iroided the external 
conditions are not changed. 

However, with a change in external conditions such as a change 
in temperature, the equilibrium state is changed. 


(ii) Chemical equilibrium can be approached from both sides, 
We shall illustrate this important characteristic of chemical 
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equilibrium with the help of an example: The hydrogen-iodine 
reaction is reversible and may be represented as 


H,(g) +13 (e)=2H1(g). E: 

If one mole of hydrogen is mixed with one mole of iodine ina 
closed vessel of one-litre capacity and the vessel is allowed to stand 
for along time at 448°C, 1:56 moles of HI are formed. In the 
equilibrium mixture, there are 1:56 moles of HI, 0:22 mole of H, 
and 0:22 mole of I,. On the other hand, if two moles of HI are 
kept ina closed vessel of one-litre capacity and is allowed to stand 
for a long time at 448°C, 0°44 mole of HI dissociates into H, and 
Y, In the equilibrium mixture, there are 1:56 moles of HI, 0:22 
mole of. H, and 0:22 mole of I,. This proves that whether we 
start with the reactants or with the products, the same State 
of equilibrium is finally reached. Thus the equilibrium can be 
attained from both sides. 


(iii) The chemical reaction remains permanently incomplete. If 
the reaction becomes complete in any direction, then the concen- 
tration of at least one of the substances will be zero, and this makes 
the value of the equilibrium constant K either zero or infinity (this 
is evident from the equation for K). In such cases, therefore, K 
doses its significance. Hence, a reversible reaction is never complete 
in any direction. 


(iv) The chemical equilibrium is dynamic in nature. It involves 
two opposing reactions, viz., backward and forward reactions which 
proceed simultaneously at equal speeds. 


Application of the law of mass action. The application of 
the law of mass action enables one to calculate simply and 
accurately the quantitative effect of adding reactants or products 
toa system in equilibrium. 

(i) Synthesis of ammonia. Let us consider the equilibrium 
that is involved in the manufacture of ammonia from nitrogen and 
hydrogen by the Haber's process : 


N,+3H,=2NH, 


Applying the law of mass action to the reaction, we get the equili- 
brium equation, 


QINHIP. 
[N] xH, 


The magnitude of the numerical value of K shows how much 
NH, is present in the equilibrium mixture. That is, from the 
knowledge of the numerical value of K we can have the informa- 
tion that how well we have achieved the objective of forming NH, 
from N, and H,. If the value of K comes out to be very small, 
the equilibrium mixture is richin N, and H, and poor in NH,. 
In that case, we shall change the conditions in such a way that 


K 
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"the value of K comes out to be large, that is, the equilibrium 
mixture becomes richer in NH,. 
Let us now see how the equilibrium constant of this reaction 
is computed. Let us suppose that ata particular temperature ‘a’ 
moles of nitrogen and ‘b’ moles of hydrogen are introduced into 
-a container of volume v litres. Let ‘x’ moles of nitrogen react. 
We then get 
a + 3H, = 2NH, 
b 0 


Initial number of moles 
Number of moles at equilibrium ns x b-3x 2x 


Hence, at equilibrium, NIREA pa) ros 3% and [NH,]= 


The expression for the equilibrium constant becomes, 


(y 
[NH,]* s. 
[N.] x [Hu] Es ERES ) x M UE avem 
4x*y? (12:20) 


7 (a-x x)y(b— 3x) 


The equilibrium constant, K,, in terms of partial pressure is given 


Now, the total number of moles at equilibrium 
—a-x-4b-3x42xza-4b-2x 


mole-fraction of{ N, ares yr 


b—3x 


mole-fraction of H,= STE-UN 


" Peer] 
and mole-fraction of NH,= YR vay, ne 
If P is the total pressure, then the partial pressures of the gases 


‘at equilibrium are, 


Ee px 129 bes3oe a-x 
PNH,~a+b—2x e a+b— Ae ori Mud PN, PIpHgsyPAS 
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The expression for K, is then 


NU NH, n Gea?) 
UR e ae) 


—_4x*(a+b—2x)? (12-21) 


From equation (12:20) and (12:21), we find that the smaller v is 
4x? 
(a— x)(b —3x)* 


will be, for K, or K, is constant at a cons- 


or, the greater P is, the greater 


4x*(a--b—2x)* 

* (a—-x)(b—3x)* 
tant temperature. This means that the amount of nitrogen (the 
value of x) reacted must be greater, i.e., the yield of NH, must be 


greater. Hence, the decrease of volume or increase of pressure in 
this system favours the formation of ammonia. 


(ii) The hydrogen-iodine reaction. The formation of hydrogen 
iodide by the reaction between hydrogen and iodine can be 
represented by the following equation : 


H; 4^1, = 2HI 
Initial number of moles a b 0 


Number of moles at equilibrium a-x b-x 2x 


Let us suppose that a mixture of ‘a’ moles of hydrogen and *b* 
moles of iodine is heated in a container of volume vlitres until 
equilibrium is attained. Let 2x moles of hydrogen iodide be 
present in the equilibrium mixture. Therefore, the number of moles 
of hydrogen and iodine present in the equilibrium mixture is (a— x) 
and (b—x) respectively. Substituting these values in the equili- 
brium equation, we get 


[HI]? Gy 4x? 


pM eae =x)(b=x) 
P 


= 


y 


The equilibrium constant is thus seen to be independent of volume 
and pressure and hence K, and K, for this reaction are identical. 


The expression for the equilibrium constant does not contain 
volume and pressure terms and hence K, and K, for this reaction 
are identical as is evident from the following calculation : 

Total number of moles present at equilibrium 

=a—x+b—x+2x=a+b 
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: La-X ; Lb-Xx 
Mole-fraction of H,-l Xb' mole-fraction of I, GATE and) 
mole-fraction of B=, Hence, if P is the total pressure on 
the system, then the partial pressures of H,, I, and HI are given by 
_a-x Qb-x Mu» 
Pu,7ilb P, P= anb P and Pur-iló P 
2x , 
rae Pi us a+b P) Plot aat 
2” Pg x Pr, fa- b-x p\ (a—x\(b—x) 
Brae (2% at) 
s G DITE P) 


Thus K, is found to be identical with K,, and since the 
expressions of K, and K, do not involve volume and pressure, the 
pressure and volume have no effect on the position of equilibrium. 

The decomposition of hydriodic acid is represented by the 
equation : 

: 2HI = H, + T, 

Initial number of moles 2a 0 0 
Number of moles at equilibrium 2a — 2x x x 

Let us suppose that 2a moles of hydrogen iodide are heated in 
a container of v litres until equilibrium is attained. The number 
of moles of iodine present in the equilibrium mixture is x, There- 
fore, the number of moles of hydrogen, and hydrogen iodide left in 
the equilibrium-mixture is x and (2a — 2x) respectively. Substituting 
these values in the equilibrium equation, we get 

E E 
yaa ed Fk ro E T 
oo pe WIEN —2x): 
y 


Hence, the dissociation of hydrogen iodide does not depend upon 


pressure or volume. 


. (iii) Dissociation of phosphorus pentaehloride- The dissocia- 
tion of phosphorus pentachloride vapour into phosphorus 
trichloride and chlorine results in the following equilibrium. 


PCI, (g) = PCI, (g)4- Cl, (g) 
Initial number of moles' a 0 0 
Number of moles at equilibrium (a—x) x x 
The equilibrium constant expression is 
K,=lPCls] x [Clo] 
[{PCl,] 


-396 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


Let us suppose that ‘a’ moles of PCl, are heated at a definite 
temperature ina container of volume ofvlitres, Let x represent 
the number of moles of PCI, which dissociate to establish equili- 

“brium. Now, one mole of PCI, dissociate to give one mole of PCI, 
and one mole of Cl,. Hence, x moles of PCI, will give x moles of 
PCi, and x moles of Cl,. Hence, the concentrations of the 
substances at equilibrium are 


(PCI,]- 69 ; [pct,}=* and (Cl,]-7 


The expression for the equilibrium constant becomes 


xXx 
J.IPOhjx[Ch] "y x? 22 
STE NET ITI - ye) 
v 


The equilibrium constant in this case is dependent on volume or 
pressure, 


The equilibrium constant in terms of partial pressure, K,, is 
given by 
Kk, foe x Pen 
PCI, 


Now, total number of moles at equilibrium —a — X+xX+x=a+x 


mole-fracti wx! x 
le ion of PCI, etm mole-fraction of P ox and 
‘the mole-fraction of POL =i. If P is the total pressure of the 
system, then 


AN x 
Poot. =gh P Pj, E P and Poo); ET P 


Hence, K, = Foc, XP. 3 Po Gee PC. P) x? 
od Ppci, ut a-x P) =g -x$ 
+x 


P (1223) 


In equation (12-22), v occurs in the denominator. 
greater v is, the greater i is, 


Hence, the 


Since K, remains constant at 


“constant temperature. This means 


that the amount of dissociation, x, 
7mUst be greater, In equation (12: i this DEEA 


23), P occurs in the numerator. 
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Hence, the less P is, the greater 


x? Sher" : 
as a7 ÍS since K, remains- 


constant at constant temperature, This means that the amount of 
dissociation must be greater. Hence, the increase of volume 
and decrease of pressure in this system results in an increase in 
the dissociation of PCl, and conversely. 


(iv) Esterification of ethyl alcohol. The reaction between 
acetic acid and ethyl alcohol leads to the following equilibrium 


CH,COOH +C,H,OH=CH,COOC,H, +H,0- 
Initial number of moles a b 0-4 0 
Number of moles at equilibrium a —x b— x PI. NU x 


The expression for the equilibrium constant is 


E CH,COOC,H,] x [H,O] 
* [CH,COOH] x (C,H, 0} 
Let ‘a’ moles of acetic acid and ‘b’ moles of ethyl alcohol are 
allowed to react in a container having volume of v litres. Let x 
moles of acetic acid and x moles of alcohol react to produce 


x moles of ethyl acetate and x moles of water, Therefore, the: 
concentration of the substances in the equilibrium mixture are 


(cn, coog]- 6:3 ; (c n, og- (67 3 
CH,COOC,H.]- 2 and (H,0}=* 


Substituting these values in the equilibrium equation, we get 
RS 


t - [coo C,H,Ix[H,O] " Xy xt 
: COOH] X[C;H,OH] (a—x),(b-x) (a—x)b- x) 
aa) 


This expression does not contain v and hence the equilibrium: 
constant is independent of the total volume of the Mie. 


Heterogeneous equilibrium. In the equilibrium mixture, the 
substances involved may be either in a single phase or in different 
eme Accordingly, the chemical equilibrium may be either 

jomogeneous or heterogeneous. The equilibrium is described as 
homogeneous when all of the substances present in the equilibrium 
system are in a single phase. When the substances present in the 
equilibrium system are in two or more phases, the equilibrium is 
known as heterogeneous equilibrium. For example, the equilibrium 
resulting from the reaction between nitrogen and hydrogen in the 
synthesis of ammonia is a homogeneous equilibrium, 


N.(g)2- 3H, (g)&2NH.(g) . 
since all the substances present in the equilibrium mixtur i 
one phase, ¢.g., gaseous phase. On the other hand, the equilibrium. 
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-attained when carbon dioxide reacts with heated coal is a hetero- 
geneous equilibrium, 


CO,(g)+C(s}=2CO(g) 
since CO, and CO are present in gaseous phase while carbon is 
present in solid phase. 

The equilibrium equation is applicable to both homogeneous and 
heterogeneous equilibrium. In heterogeneous equilibrium involving 
gases and solids, the concentration of the solid is assumed to be 
constant. The heterogeneous equilibrium attained when calcium 
carbonate decomposes can be represented as follows : 


CaCO,(s)&:CaO(s)-- CO, (g) 
An equilibrium constant can be written as 


x; - 20] x [CO] 
7 [CaCO,] 


; y [CaCO] 
or, K *'[Co] =O) 
Since the concentration of CaCO, and CaO are constant, the term 


K’x vase) is also a constant. The value of this composite term 
is taken as the equilibrium constant for the decomposition of cal- 
cium carbonate. Thus, K=[CO,] 


In terms of partial pressure, K;-Pco 
y 


Factors that affect equilibrium. Le Chatelier's principle. 
1n-the preceding sections, we have only considered equilibrium 
Lc . system under constant external con- 

ditions. The composition of a 
System at equilibrium can be alter- 

ed by changing several factois. 
The most important among these 
are concentration, pressure and 
temperature. The general effect of 
the changes of all these factors 

, upon system at, equilibrium is 
| governed by Le Chatelier's princi- 
ple. Le  Chateliers principle 
States : If an external stress (change 

in temperature, pressure or concen- 
tration) is applied to a system in 
equilibrium, the equilibrium will 
s xA nn which tends 

1 1 o undo or diminish the effect of the 
2 Fig, 12.2: Le Chatelier, applied stress, In ideis ch tpa 
ifasystem at equilibrium is subjected to a change in pressure, 
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temperature or concentration, the equilibrium shifts to a new value 
anda chemical reaction occurs predominantly in that direction 


which minimises the effect of the external change imposed on the 
system. 


Let us apply Le Chatelier’s principle to an equilibrium system 
represented by the equation, 


A(g) --3B(g)&2C(g)-- X cal. (12:24) 
In this system, the forward reaction is exothermic and hence back- 


ward reaction must be endothermic. An actualreaction ofthis type 
is the synthesis of ammonia, 


N, 43H,—2NH, --21:88 kcal. 


Effect of temperature. Le Chatelier's principle predicts that if 
heatis added to a system at equilibrium, the equilibrium should 
shift in the direction which will lower the temperature, that is, 
the reaction which proceeds with the absorption of heat will be 
promoted. In the reaction (12:24) increasin; 


d i g temperature of the 
equilibrium ‘mixture would favour the backward reaction, ; 


2C — A+3B 


which proceeds with the absorption of heat. Increase in temperature, 
therefore, results in the decomposition of C into more A and B until 
anew equilibrium is attained. Lowering the temperature causes 
a shift of equilibrium towards the reaction in which heat is evolved. 


Hence, in the reaction (12:24) when temperature is lowered, the 
forward reaction, 


A+3B—>2C 


would be favoured since it proceeds with the evolution of heat. 
Decrease in temperature, therefore, results in the increased conver- 
sion of A and B into C, Thus, we come to the following conclusion : 
On heating an equilibrium system, the equilibrium shifts in the direc- 
tion of endothermic reaction, while on cooling, the equilibrium shifts 
in the direction of the exothermic reaction. There are many chemi- 
cal reactions which are neither strongly exothermic nor strongly 
endothermic. In such cases, temperature changes have little effect 
on the point of equilibrium. However, increase in temperature 
increases the speed of both forward and backward reaction and hence 
equilibrium is attained more quickly. 


Eifect of pressure. When the external pressure exerted ona 
gaseous system in equilibrium is increased, the equilibrium shifts in 
the direction of the reaction which decreases the applied pressure. 
Now ina closed space at constant temperature, the reaction can 
decrease the pressure only if it leadsto a decrease in the total 
number of molecules of the gaseous substances. In equation 
(12:24) one molecule of A combines with three molecules of B to 
form two molecules of C in the forward reaction. Hence, the combi- 
nation of A and B into C in a closed vessel will obviously cause the 
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pressure to drop. Increasing pressure, therefore, favours the forward 
reaction with a resultant increased conversion of A and B into C. 


On the other hand, when the external pressure is decreased, the 
equilibrium shifts in the direction of reaction which increases the 
applied pressure, i.c., which leads to an increase in the total number 
of molecules of the gaseous substances. In the backward reaction 
of equation (12-24) two molecules of C decompose to give one 
molecule of A and three molecules of B. Hence, reduction of 
pressure favours the backward reaction and C is converted into 
more A and B. Thus, we get the following version of Le 
Chatelier's principle in application to the effect of pressure on 
the equilibrium of reversible gas reactions : 


An increase in pressure shifts the equilibrium towards the forma- 
tion of a smaller number of gas molecules while a decrease im 
pressure shifts it towards the formation of a larger number of 
molecules. 

. If the number of molecules of the gaseous substances does not 
change, an increase or decrease in pressure will have no effect on the 
equilibrium. For example, neither increase nor decrease in pressure 
will disturb the equilibrium represented by the following equation : 


CO, +H,=CO+H,0. 


Effect of concentration. If the concentration of one of the sub— 
stances involved in the equilibrium is increased, the equilibrium 
shifts in the direction of the reaction which reduces the concentra- 
tion of the same substance, Thus, in the equation (12:24) if the 
concentration of A is increased, the equilibrium will shift in that 
direction which will undo the increased concentration of A, i.e., 
the forward reaction (A-4-2B—2C) will be promoted. Thus, 
more C is formed, bringing the concentration of A down again. 


On the other hand, decreasing the concentration of any of the 
substances causes a shift of equilibrium towards the formation of 
that substance. Thus, if the concentration of A is decreased, the 
backward reaction (2C—A--2B) will be favoured causing the 
formation of more A. A reaction can, therefore, be made to go to 
completion by complete removal of one of the products. 


For example, in the reaction between zinc and dil. H,SO, in 
an open vessel, hydrogen formed is continuously removed from the 
sphere of action: Zn-FH,SO,—ZnSO,--H,. As a result, the 
reaction continuously proceeds from left to right until it goes to 
completion. Similarly, the reaction FeS--2HCI—FeCl,4-H,S in 
an Open vessel goes to completion because H.S formed is 
continuously removed from the sphere of action. The reaction 
between sodium chloride solution and silver nitrate solution can 
be represented as : 


Nat +Cl-+Ag*+ NO; — Na*-- NO; --AgCI 
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Ag* ions and Cl- ions are removed from the solution in the form 
of the precipitates of AgCl and consequently the reaction goes to 
completion. 


In the reaction between sodium hydroxide and hydrochloric 
acid solution, Na*--OH---H*--CI- > a*--CI---H,O, H* and 
OH- ions are removed from the sphere of action due to their 
combination to form almost unionised molecules of water. Conse- 
quently, the reaction between sodium hydroxide and hydrogen 
chloride solution is practically complete. 


Effect of catalyst. Whenacatalyst is added toasystem at 
equilibrium, it accelerates the forward and backward reaction to the 
Same extent. Hence,a catalyst does not alter the state of equili- 
brium. However, the role of catalysts in reversible reactions is 
very great. For reversible exothermic reactions, suitable catalysts 
are essential to hasten their approach to equilibrium. At low 
temperatures, the equilibrium between reacting substances is 
achieved very slowly because the velocity of the reactions is very 
low at low temperatures The equilibrium would be reached more 
quickly by increasing the temperature but this shifts the equili- 
brium in the direction which lowers the temperature. Hence, the 
endothermic backward reaction will be promoted and the yield of 
the products of the forward reaction in which we are interested 
would be very small. Use of the catalyst permits the rapid attain- 
ment of the equilibrium. without raising the temperature and hence 
a better yield of the product is achieved. 


Effect of inert gas on equilibrium. This will depend on the 
type of reactions. 

(i) In reactions in which the number of moles of the reactants 
is equal to the number of moles of the products, i.e., An=0, the 
addition of inert gas has no effect on the state of equilibrium. 


(ii) In reactions in which the number of moles of reactants is 
not equal to the number of moles of products, i.e., Anz£0, the 
addition of inert gas has an effect on the state of equilibrium. If, 
however, an intert gas is added to such a system at constant volume, 
the equilibrium is not affected in any way. But if an inert gas is 
added at constant pressure, the state of equilibrium is affected. If 
An is positive, addition of an inert gas at constant pressure will 
favour the product formation. If An is negative, the addition of 
an inert gas at constant pressure will favour the formation of 
Teactants. For example, if an inert gas is added at constant 
Pressure to the following equilibrated system 


SO,+30,=S0, 
the equilibrium shifts towards the decomposition of SO,, i.e., the 
backward reaction, SO, > SO, 4-10, is favoured. 
Applications of Le Chatelier's principle to some reactions 
26 
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of industrial importance. Let us now consider Le Chatelier's 
principle in application to some industrial reactions. 

(a) Synthesis of ammonia. The synthesis of ammonia from 
nitrogen and hydrogen is a reversible reaction : 

N, +3H; = 2NH, +21,880 cals. 

The forward reaction is exothermic to the extent of 21,880 cals. This 
means that when the reaction proceeds in the forward direction, 
10,940 cals of heat are evolved for each mole of NH, formed. The 
backward reaction (2NH, — N,+3H,) must, therefore, be endo- 
thermic and 10,940 cals. of heat are absorbed for each mole of NH, 
decomposed. Now, according to Le Chatelier’s principle, lowering 
the temperature favours the forward reaction and the equilibrium 
mixture will contain more ammonia. But at low temperature, the 
speed of the reaction will be very low and a long time is required to 
form a considerable quantity of ammonia. So the reaction should 
be conducted at the lowest possible temperature at which the 
reaction proceeds with a workable speed. This temperature is called 
the optimum temperature. Above the optimum temperature, the 
yield of ammonia diminishes owing to the fact that the backward 
reaction is promoted. Below it, the reaction rate is so low that it 
would not be profitable to carry out the reaction. The reaction 
is finally accelerated by the use of catalysts since catalysts have no 
effect on the final state of equilibrium. The most suitable catalyst 
is the metallic iron in the form of spongy mass with insignificant 
admixtures of aluminium and potassium compounds. 

The equation shows that the forward reaction (N, -3H , —2NH,) 
results. in a decrease in the number of molecules. Therefore, 
according to Le Chatelier's principle, increasing the pressure should 
favour the forward reaction, i.e., should favour the formation of 
ammonia. Hence, the higher is the pressure, the greater is the 
yield of ammonia. The process is actually conducted at 400 to 
550*C and 100 to 1000 atm. 

_ (b) Oxidation of sulphur dioxide to sulphur trioxide. Sulphur 
dioxide directly unites with oxygen to form sulphur trioxide : 

280, +0,=2S0, +46°8 kcal. 

The reaction is employed in the manufacture of sulphuric acid. 
The forward reaction is exothermic and hence is promoted at low 
temperatures. The yield of SO, will, therefore, be greater, the lower 
is the temperature. Too low a temperature would make the reaction 
too slow. Hence, as low a temperature as will still give us a reason- 
able reaction rate is used. Further the speed of the reaction is 
increased by using a catalyst. The most suitable catalyst for this 
reaction is finely divided platinum or vanadium pentoxide. 

Since 3 molecules produce 2 molecules in the forward reaction, 
this results in a decrease in the total number of molecules in the 
system. Hence, this reaction results. im a decrease in the total 
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pressure that the mixed gases exert. According to Le Chatelier’s 
principle, therefore, an increase in pressure will favour the forward 
reaction, i.e., the conversion of SO, to SO,. 

Raising the oxygen concentration will shift the equilibrium of 
the reaction to the right and hence the yield of SO, will be increa- 
sed. In practice, the reaction is carried out at 450°C with an excess 
of oxygen in presence of a catalyst Since the degree of conversion 
of SO, into SO, under these conditions is as high as 95—97 per cent, 
the reaction is conducted at ordinary pressure. 


(c) The formation of nitric oxide. The combination of 
nitrogen and oxygen takes place according to the following rever- 


sible reaction : : 

N, +0, = 2NO~43-2 kcal 
Since the forward reaction is accompanied by the absorption of heat, 
it is favoured at high temperatures. Hence, the higher is the 
temperature, the higher will be the yield of nitric oxide. Since the 
number of molecules does not change in the reaction, change of 
pressure has no effect on the equilibrium. 

In order to get high yield of nitric oxide, not only high tempera- 
ture but efficient cooling of the reaction products is essential. If the 
temperature is lowered slowly, the nitric oxide again decomposes 
into nitrogen and oxygen and hence the yield of nitric oxide is 
greatly lowered. For this reason, the reaction product is cooled 
very quickly so that the equilibrium does not get a chance to shift 
immediately. It does not shift after cooling due to the very slow 
rate of the reaction at low temperatures so that almost the entire 
quantity of NO formed at high temperatures remains in the mixture. 


(d) Synthesis of methanol. The synthesis of methanol involves 

the union of carbon monoxide and hydrogen : 

CO 2H, = CH,OH 4- liat 

The equation shows that one molecule of carbon monoxide reacts 
with two molecules of hydrogen to form one molecule of methanol. 
Hence, a decrease in the number of molecules occurs in the forward 
reaction. At higher pressures, the yield of methanol will, there- 
fore, be greater since according to Le Chatelier's principle the 
equilibrium is shifted to the right. 

For each mole of methanol formed, a considerable quantity of 
heat is produced. Hence, if heat is added to the equilibrium 
mixture, the equilibrium will shift to the left according to Le 
Chatelier's principle. Hence, the yield of methanol will be greater 
at low temperatures. The reaction is carried out in presence of a 
catalyst which is a mixture of chromic oxide and zinc oxide. 


(e) Other industrial gas reactions. The above considerations 
apply to all other industrial ,gas reactions such as synthesis of 
chlorine by Deacon's process, oxidation of ammonia, manufacture 
of hydrogen, etc. 
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Problems 
Ex. 1. How will the rate of the reaction between sulphur 
dioxide and oxygen , 
2SO, +0, — 2S0, 
change, if the volume of gaseous mixture is reduced four times ? 
Solution: Let the concentration of sulphur dioxide and oxygen 
before the change in volume be 
[SO,J=x; [O.J=y 
Hence, before the volume has changed the rate of the reaction is 
y, —kx[SO,]? x [O.J=kx x* xy 
when the volume is reduced four times the concentration is increased 
four times ; we, therefore, get 
[SO,]=4x and [O,]=4y 
Therefore, after reduction in volume, the rate of the reaction is 
va =k x [4x]? x 4y=64kx?y 
v,=64y,, that is, the rate of the reaction has increased 64 
times. 
Ex. 2. If0°l mole of phosphorus pentachloride is vaporised in 
a total volume of 2 litres at 250°C, it is found that at equilibrium 


the concentrations of the PCl,, PCI, and Cl, are respectively 0'021 
mole/litre, 0:029 mole/litre and 0'029 mole/litre. 


Calculate the equilibrium constant for the reaction at 250°C. 


Solution. The dissociation of phosphorus pentachloride is repre- 
sented by the following equation : 


PCI, = PCI, +Cl, 
The expression for the equilibrium constant is 
x [PCI] xICl.] 
[PCl,] 


Substituting the values of concentrations of the substances at 


equilibrium, we get 
k- 0029 mole/litrex0*029 mole/litre 
0°021 mole/litre 
=0°04 mole/litre, 
Ex. 8. When heated, phosphorus pentachloride dissociates 
according to the following equation 
PCI, z PCl,+Cl, 


2 moles of phosphorus pentachloride are decomposed in a closed 
10-litre vessel at a temperature at which the equilibrium constant is 
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"known to be 0:45. Calculate the number of moles of chlorine 
produced, 


Solution. Let x moles of phosphorus pentachloride react to 
produce equilibrium. Hence, the number of moles of PCl, left at 
equilibrium is (2—x). Since 1 mole of PCI, gives 1 mole of PCI, 
and 1 mole of Gl,, x moles of PCI, will give x moles of PCI, and 


x moles of Cl,. Hence, the concentration of each of the substance 
at equilibrium is 


2-x ; PREJ " E. ; 
IPeh]-* y mole/litre. [PC] 15 mole/litre. [C1,]— 10 mole/litre. 


Substituting these values in the expression for the equilibrium 
constant, we get 


15] f 2-x " 
Ado mole/litre 


x=1'5 mole. 


& [PCI] x [Ch d$ mole/litre x 7% mole/litre 
[P 


=0°45 mole/litre 


1-5 mole 
10 litre 
Ex. 4. On heating a mixture of carbon monoxide with chlorine 
in a closed vessel, the following equilibrium is established : 
CO+Cl, = COCI, 
How will the rate of the forward and backward reaction change if 
the pressure is increased three times by reducing the volume of 


the gas mixture at constant temperature? Will this change shift 
the equilibrium ? 


Hence, the concentration of chlorine is or 0°15 mole/litre. 


Solution. Let us suppose that the concentration of CO, Cl, and 
‘COCI, at equilibrium are 


[CO]—x ; [CI;]—y and [COCI,] —z 


-Before the reduction of volume of the gaseous mixture, the rate 
of the forward reaction is 


y, -k; x [CO] x [Cl,J=k, xy 
while the rate of the backward reaction is 
vp=k,[COCI,J=k, xz 
When the volume is reduced three times, the concentrations of 


all the gases are increased three times. Under these conditions, the 
‘tate of the forward reaction is 


vy'=k, X 3x [CO] x 3x[C1,]—9 k,xy 
while the rate of the backward reaction is 
yy'—k,'3 [COCI,] =3k,z 
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Now, v AE A y i.e., the rate of the forward reaction has 
Vy 1Xy 
increased nine times. 


Again, Pv 2 Sst ang, that is, the rate of the backward reaction 


b 2 

has increased three times. ^ 

Thus, the forward reaction has increased 9 times while the 
backward reaction has increased 3 times. Since the equilibrium is 
attained only when the rate of the forward reaction equals the rate 
of the backward reaction, the equilibrium will be upset. The 
equilibrium will be shifted from left. to right, i.e., towards the 
formation of phosgene because the rate of the forward reaction is 
greater. 


EXERCISES 


1. What do you mean by (a) reversible reaction and (b) chemical equili- 
brium? Give examples. 

2. State (a) Law of mas action and (b) Le Chatelier's principle. 

What are the conditions necessary for the establishment of chemical 
equilibrium ? Give an application of Le Chatelier's principle. 

3. Distinguish between (a) homogeneous equilibrium and (b) heterogeneous 
equilibrium, Give examples. 

4. Set up the expression for the equilibrium constant for the following 
reactions : 

(a) 4NHs3--50:24NO--6Ha40 ; (b) 28054 05—2805 

e 4HCI-- O5:2H;O0 +2Cl, (d) CuO(s)-- H.(g) Cu(s)-- H«O(g) 
(e) CuSO,, SHeO(s)—CuSO,, 3H«O(s)--2H-O(g) 

(f) 2(CaSO,, 2HsO)(S&-2CaSO,, HaO(s)-- 3HsO(g) 

5. Inthe equilibrium 2NO--O.c22NO;--heat ; how will the equilibrium 
be displaced (a) if oxygen is added? (b) if oxygen is removed ? (c) if NO, is 
added, (d) if NO, is removed ? 

6. What is the effect of temperature and pressure on the following 
equilibrium in which all the equilibrants are gases ? . 

(a) N40» = 2NO-43 kcal. (b) 2€C0:-0; = 2CO2+135'8 kcal. 
(c) No+3Ha = 2NHs +24 kcal. 3 i 

7. What factors affect the value of equilibrium constant ? What influence 

does a catalyst have upon the state of equilibrium ? 


8. Give an experimental proof of the dynamic nature of chemical equilibrium. 
Deduce an expression for equilibrium constant for the following reaction : 
A+B=C+ 
9. Write notes on (a) Le Chatelier’s principle, (b) dynamic ilibrium 
(c) relation between Ky and Kg. Jl is OG EM 
10.. Apply Le Chatelier's principle to the following reactions : 


(a) No+3Ha = 2NHs+24 kcal — (b) 20040: -32CO.--135'8 kcal 
9 4HCI-- Oc = 2Cla--2Ha0 +28 kcal (d) CoH, +Hoe = CH, +24 kcal 

e) PCl, = PCls--Clg-30 kcal (f) CO+Cls = COCIs- 12 kcal 
11. The equilibrium mixture of NO:(gas)4-CO(gas)CO»(gas) + NO(gasy 
exists at a definite temperature and at a total pressure of 2atm. (a) If the 
total pressure be increased to 4 atm, will the amount of products increase» 
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decrease or remain the same? Explain your answer. (b) If the partial 
Pressure of CO be increased by introducing more CO into the system from out- 
side, how will the amount of products be affected (Answer only in rere 
terms). 1 [H. S, 78] 

12. The equilibrium mixture of H.(g)+Ia(g) = 2Hi(g) exists at a definite 
temperature and pressure. The reaction is exothermic. Explain how the 
amount of the product will be affected by a change in temperature and pressure 
on the system, State the principle by which it can be explained, [ H. S., °79 ] 

13. Discuss the role of a catalyst in a reversible reaction. How is the 
following reversibie reaction Na +3Ha=2NH4+ X cal brought to completion, 

14. Explain clearly the following statements : 

(i) When a solution of sodium chloride is mixed with one of Magnesium 
sulphate, no reaction occurs, while if a solution of barium chloride is mixed 
with one of magnesium sulphate, a reaction does occur. 

(ii) When sodium sulphate and hydrogen chloride solution are mixed, no 
reaction occurs while on mixing sodium carbonate and hydrogen chloride 
solution, à reaction does occur. 

(ii) If chlorine isadded to the equilibrium mixture PCI,—PCls--Cls, the 
«degree of dissociation of PCI, decreases. 

(iv) When argon is added at constant pressure to the equilibrium mixture 
of SOs+4Os=SOs, the yield of SOs decreases. 

(v) The solubility of ammonium chloride in water increases with increase of 
stemperature. 

(vi) When soda-water bottle is opened, carbon dioxide bubbles out. 

(vii) The reaction, NaOH+HCl+NaCl-+-H.20, proceeds towards the 
formation of almost unionised water molecules. 

(viii) The reaction FeCls+3KCNS=Fe(CNS)s +3KCl, does not go to com- 
pletion while the reaction FeS--2HCI —FeCl,-- H;S proceeds to completion 
"under ordinary conditions. 

(ix) The melting point of ice decreases with increase of pressure. 

(x) The boiling point of a liquid increases with increase of pressure. 

(xi) If saturated solution of KCl is added to the equilibrium mixture of 
3KCNS + FeCls=Fe(CNS)s + 3KCI, the colour of the solution becomes paler. 

15. State whether the following statements are mue or false. Give reasons 
of your answer. 

(a) Ina reversible reaction, a catalyst increases the rate of forward and 
‘backward reaction to an equal extent. 

(b) A chemical equilibrium is static in nature. 

(c) The reaction A+3B2C+2D+X cal is favoured at higher temperature 
and lower pressure. 

(d) In the dissociation, CaCOs-CaO--CO., the equilibrium constant js 
equal to the partial pressure of carbon dioxide. 

, (e) In the dissociation, NH,CI =NHs+HCI, the equilibrium constant, Kp, 
is «t to the square root of the partial pressure ot ammonia. 

(f) In the reaction N20,-22NO;, the Kp and K are identical, 

(g) The degree of dissociation of acetic acid decreases, when acetic acid 

solution in water is concentrated by evaporation. 

(h) Water-water vapour equilibrium is dynamic in nature. 

16. Show that if pressure on the posl Ne+3H2=2NHs is doubled, the 

Partial pressure of ammonia increases four times. 

17. Show how the degre of dissociation of a gas can be calculated from 

observations of its vapour density. 
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18. Prove that when two chemical equations are added, for which the’ 
equilibrium constants are Ka ard Ko, the equilibrium constant K for the’ 
resultant reaction is Ka x Kp. 


[ Proof: Eet us consider the following reactions : 
A+2B = AB. (1) 
AB, = C+ 


A+2B =C+D 


The equilibrium constant Ka for the reaction (1) is 


Ka= AG and the equilibrium constant K» for the equation (2) is 


x» ID. The equilibrium constant K for the reaction (3) which is’ 


obtained when the two equations (1) and (2) are added together is 
ICID) _ (CD), [AB] _ 
KIRBY ABA ABe Fo *Xe ] 


19. Calculate Ky and Ko for Na--3H422NH; and for ¿Na+ 9HsNHs.- 
What are the units of K and Ke in both cases. 


20. Two solids X and Y are in equilibrium, X(s)=Y(s). If the increase im 
ressure causes the transformation of X into Y, which solid has the larger 
Bensity. Explain your answer clearly. 


Probiems 
1. At equilibrium in the system 2HI=H,+-I, the concentrations of the 


equilibrants at a certain temperature were found to be 
[Ha]* [Ia] = 070231 mole/litre ; [HI] =0'17 mole/litre 


Calculate the equilibrium constant for this reaction. [ Ans. 1°846 x 1072 P 
2. The reaction between hydrogen and chlorine proceeds according to the 
following equation : Ha4 Cla - 2HCI. 


How will the rate of the reaction change if the pressure is increased four 
Ans. increases 16 times ] 


3. The reaction 2ZNO--O:—2NO3 is allowed to proceed in a closed vessel. 
How will the rate of this reaction change if the pressure is doubled ? 


Ans. increases 8 times ] 


4 At eom the concentration of the equilibrants of the reaction 
H, t 1,—2HI are 

[Ha] - 0*50 mole/litre, [I3] = 0°10 mole/litre and [HI] ^ 1*8 moles/litre 

What were the initial concentrations of hydrogen and iodine ? 

Ans. [Hs] -1'4 mole/litre. (E;] —1*0 mole/titre ]- 

5. What is the value of [H30] in pure water ? [ Ans. 55:5 moles/litre ] | 

6. At 1000°C, the dissociation jm of CaCOs is 200 mm. Calculate 
the value of the equilibrium constant K . {Ans.K —200 m.m. ] 


GROUP—B 


(Inorganic Chemistry) 


CHAPTER I 


HYDROGEN 


Atomic weight, 1:0081 Atomic number, 1 
Electronic configuration, 1s! 


Paracelsus (1493-1541) was the first chemist to make a recorded reference 
to the element we now call hydrogen. He knew that iron and sulphuric 
acid react to form a gas. He said that “‘an air arises which bursts forth 
like the wind" when iron interacted with sulphuric acid. In 1766, the 
English chemist Cavendish first ascertained the true nature of the gas and 
is, therefore, regarded as the discoverer of the element, Lavoisier (1743- 
1794), a French chemist was the first to prepare hydrogen from water and 
he named the gas hydrogen (Greek meaning : water prod ucer). 


Hydrogen occurs in the free state in very small quantities, mainly in 
the upper layer of the atmosphere. Free hydrogen occurs in some 
volcanic gasés. Sun, many stars, and nebulae contain large amounts 
of free hydrogen. Itis believed that the source of solar energy is the 
nuclear conversion of hydrogen into helium, 


Hydrogen is very abundant in the form of compound, Water contains 
11°19 per cent of hydrogen. It is an essential constituent of all acids, 
alkalis and of almost all organic compounds. The compounds making up 
plant and animal tissues contain hydrogen and petroleum and natural gas 
consist of compounds which contain hydrogen. Altogether hydrogen 
constitutes approximately one per cent of the earth’s crust. 

Preparation. Hydrogen can be prepared from many compounds 
containing chemically combined hydrogen. The chief 
sources of hydrogen are (1) acids, (2) alkalis and (3) water. K 

(1) From acids. Metals which are more electroposi- a 
tive than hydrogen can. liberate hydrogen from acids. M 
Metals which lie above hydrogen in the electro-chemical Ay 
Series (fig. 1.1) only displace hydrogen from acids ; the 
higher the element in the series, the more vigorous is the E 
liberation of hydrogen. The metals such as copper, gold, Sa 
mercury, silver and platinum which are below hydrogen Pb 
in the activity series do not displace hydrogen from acids, 


Acids which are generally used are dilute hydrochloric Cu 
acid and dilute sulphuric acid. Nitric acid is not suitable Ag 
Since it is an active oxidising agent. The following are | Ay 
the typical equations showing the preparation of hydrogen z 

` from the action of a metal upon dilute acids : Fig. 1.1 


Fe--H,$0, = FeSO, --H. ; Fe+2HCl=FeCl, +H, 
2A1+6HCl=2AICl,+3H, ; Mg--H,$0, =MgSO,+H, 


Laboratory preparation, Hydrogen is usually prepared in the 
iboratory by the reaction of granulated zinc with moderately 
dilute sulphuric acid (1 volume concentrated acid to 5 volumes 


4 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


water) or hydrochloric acid (1 volume concentrated acid to 2 
volumes water) : 

Zn--2HCl2ZnCl,-FH; ; Zn+H,SO,=ZnSO,+ Hg 
The reaction is slow if zinc is pure. It is, therefore, customary to add. 
a little copper sulphate solution to the acid in order to make a 
deposit of metallic copper on the surface of the zinc. 

The apparatus 
used isa two necked 
bottle, known as 
woulfe’s bottle—so 
named because these 
bottles were first 
described by Peter 
Woulfe (1784). The 
two .tubulures are 
fitted tightly with 


Dilute 
sulphuric acid 


Granulated zinc . through the other 
Fig. 1.2: Preparation:of hydrogen. T i 
tube (fig. 1.2), 


Since a mixture of hydrogen with air is explosive care must b f 
taken to ensure that the apparatus is air-tight. This is teste 
as follows : 

Water is poured down the thistle funnel so that the end of th 
funnel dips under the surface of water. Then air is blown from the 
mouth through the delivery tube when water rises up the stem of the 
thistle funnel. The end of the delivery tube is next closed by th 
finger. If the level of water in the thistle funnel remains stationa! 
at the same place and does not gradually descend, then the apparati 
is air-tight. i 

Some granulated zinc are then placed into the bottle so that thi 
are covered with water. The end of the delivery tube is put unde 
water in a pneumatic trough. Moderately strong sulphuric aci 
is then added a little at a time through the thistle funnel until t 
gas begins to come off vigorously. The gas is allowed to esca 
for some time in order to drive out all the air from inside the bottle. 


In order to collect the gas, a gas-jar is completely filled wit 
water and inverted over water in the trough. The end of th 
delivery tube is then introduced into the mouth of the gas-jar. 
Hydrogen collects in the gas-jar by the displacement of water. Whe 
the jar is full of hydrogen its mouth is closed with a glass plai 
while the jar is still under water. The gas-jar is then removed fro 
the pneumatic trough and is kept with its mouth downwards. 
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Precautions. The following precautions are to be taken during the 
preparation of hydrogen in the laboratory : 

(i) The apparatus must be air-tight. 

(ii) The end of the thistle funnel must dip into the acid solution in 
the woulfe's bottle and the end of the delivery tube must be above the 
surface of the liquid. 

(iii) Before collecting hydrogen all the air from inside the woulfe's 
bottle must be driven out by allowing hydrogen to escape for some time. 
To ensure this, a test tube is filled with a sample of gas by the displace- 
ment of water and is brought near a flame. If thegas burns without any 
sound, it is free from air. 

(iv) During collection of the gas no air bubble must be allowed to 
remain in the gas-jar while it is filled with water. 


(v) Dilute acids mustrbe used because if zinc is dissolved in concen- 
trated sulphuric acid, the acid is reduced and sulphur dioxide is formed. 


Zn+2H,SO}=ZnSO,+S0,+2H,O 
Purification. Hydrogen prepared by the laboratory method 1s 
not pure, It contains traces of moisture, arsine AsH,, phosphine 
PH;, sulphur dioxide SO,, carbon dioxide CO., hydrogen sulphide 
H,S, nitrogen and oxides of nitrogen usually NO,. The gas is 
purified by passing it successively through a number of U-tubes 
connected in series. The U-tubes contain in the following order : 


(i) lead nitrate solution to remove hydrogen sulphide H,S. 
(ii) silver sulphate solution to remove arsine and phosphine. 

(iii) strong caustic potash (KOH) solution to remove sulphur 
dioxide SO,, carbon dioxide CO, and nitrogen dioxide NO,. 

(iv) phosphorus pentoxide P,O, to remove moisture or water 
vapour. 

The gas is then collected over mercury and it still contains 
nitrogen. In order to remove nitrogen, the gas is passed into an 
evacuated glass bulb containing metallic palladium which is gently 
heated. Palladium absorbs hydrogen only and nitrogen which 
remains unabsorbed is pumped out of the bulb. "The bulb is then 
strongly heated when pure hydrogen is evolved. It is collected over 
mercury. 

In spite of these precautions hydrogen is not completely 
free from all impurities. So itis customary to prepare very pure 
hydrogen by other methods. 

The role of metallic impurities in the preparation of hydrogen by 
the action of zine on dil. H,SO, (or dil. HCl). In the laboratory 
preparation of hydrogen, if zinc employed is highly purified, the 
liberation of hydrogen begins vigorously but soon slows down. ‘This 
is due to the fact that a film of hydrogen gas is formed on the 
surface of zinc and thus prevents zinc from coming in contact with 
the acid. The liberation of hydrogen gas is essentially the ‘removal 
‘of electrons from zinc atoms and their addition to hydrogen ions : 

! Zn — Zn** + 2e 
2H* + 2e> H, gg 
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When zinc is placed in dil. acid, zinc goes into the solution as Zn** 
ions leaving behind two electrons on the zinc surface. The negative 
charge (layers of electrons) on the zinc metal attracts the H* ions 
formed by the ionisation of the acid. H+ ions take up these 
electrons and are converted into hydrogen molecules which form a © 
film of gas on the zinc surface. Zinc is thus prevented. from 
coming in contact with the acid and the evolution of hydrogen gas 
ceases. If, however, a piece of less active metal such as copper, 
platinum, etc., is placed in contact with zinc, the metal conducts the 
liberated electrons away from the zinc surface. Electrons then 
combine with H* ions at a distance from the zinc forming hydrogen 
molecules which cannot blanket zinc surface and pass away from 
the solution smoothly. Pairs of metals thus employed are known as 
couples. Usually commercial zinc contains sufficient metallic 
impurities to be a conglomerate of many small couples. If zinc 
employed does not contain any metallic impurities, then a little 
copper sulphate solution is added. Since zine is more active 
than copper, it displaces copper from copper sulphate solution and à 
Copper-zinc couple is formed. 


(2) From alkalis, (i) Like acids many bases contain hydrogen 
but appear to liberate it much less readily than do acids, Therefore, 
hydrogen may be prepared by treating certain metals with alkalis. 
Thus, aluminium reacts with hot concentrated solutions of caustic 
soda or caustic potash to produce hydrogen : 

2Al+2NaOH+2H,O=2NaAlO, + 3H, 


(sodium aluminate) 
Zinc and tin also undergo the similiar reaction. 
Zn--2N3OH =Na3ZnO, +H, 
(sodium zincate) 
Sn-+-2NaOH=Na,SnO, ES: 
- (sodium stannite) 

(ii) Silicol process. When powdered silicon or ferrosilicon 
which is an alloy of iron and silicon is heated with a concentrated 
solution of sodium hydroxide, hydrogen’ is evolved. This method . 
of preparing hydrogen is known as silicol process. 

Si--2NaOH --H;O 7 2H  -- Na, SiO; 
(sodium silicate) 

The filling of military balloons with hydrogen was once greately 
facilitated by this reaction. Hydrogenite which is a mixture 
ferrosilicon, caustic soda and slaked lime is sold compressed in cakes 
contained in metal cartridges and when ignited it forms sodium and 
calcium silicates with the evolution of hydrogen, i 

(3) From water. The chief source of the preparation of 
hydrogen is water. The following are the different methods of 
preparing hydrogen from water : 5 
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(i)' Electrolysis of water. When acidulated water is electrolysed, 
hydrogen is liberated at-the cathode and oxygen.at the anode. 


(ii) Action of metals on water. (a) Action of active metals on 
cold water. The very active alkali metals such as lithium, sodium 
and potassium and the alkaline earth metals such as calcium and: 
barium react with water and liberate hydrogen. With the alkali 
metals, the reaction is violent and even explosive. For example, 
when a piece of sodium is dropped into a dish of water, a violent 
reaction ensues; the sodium darts, sputtering to and fro over 
the surface of the water, liberating hydrogen. During this reaction, 
so much heat is evolved that sodium melts into a ball which rapidly 
diminishes in size and soon disappears altogether. The reaction 
between sodium and water can be represented by the equation : 

2Na+2H,O=2Na0OH+H, 

The reaction of water with potassium is more violent and so 
much heat is evolved that hydrogen liberated bursts into flame. 

2K --2H,0 =2KOH+H, 

Calcium also reacts with water, but with less vigor. The equa- 

tion for this reaction is 

Ca+2H,O0=Ca(OH),+H, 
Calcium hydroxide Ca(OH),, formed is not very soluble in water and 
a white precipitate of it is formed during the reaction. 

In order to collect hydrogen which is 
liberated when sodium reacts with water, a 
piece of sodium is held under water by 
wrapping it in lead gauze, and kept directly 
beneath the gas-jar full of water. The 
hydrogen liberated collects in the gas-jar 
by the displacement of water. | Water 
becomes alkaline due to sodium hydroxide 
which is formed during the reaction. 

(b) Action of metals on boiling water, Fis; L3: Action of 
Magnesium powder decomposes boiling water ^ metallic pep eee 
slowly liberating hydrogen : water. 
Mg--2H;0 - Mg(OH); +H. 

Amalgamated magnesium decomposes cold. water while the metal 
has no appreciable ‘action on cold water. 

Amalgamated aluminium which is made by rubbing aluminium 
foil with damp mercuric chloride rapidly decomposes boiling water 
with the liberation of hydrogen : 

` 2A13:6H,0-2ANOH),H3H; — 
Zinc-copper couple ‘decomposes hot.water with the eyolution of 
hydrogen : XT 


Zn-+2H,0=Zn(0H), +H, 
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Zinc-copper couple is made by pouring a solution of copper sulphate 
over granulated zinc. Copper deposits on zinc and‘ the resulting 
product is washed with water to free from adhering salts. 

(c) Action of red-hot metals on steam, When steam is passed 
Over red-hot magnesium, zinc or iron, it is decomposed with the 
evolution of hydrogen. 

Mg+H,O=Mg0+H, ; Zn+H,O=Zn0+H, 
3Fe+4H,O=Fe,0,+4H, 

The oxides of the metals are formed instead of hydroxide since 
all common hydroxides except NaOH and KOH are decomposed at 
high temperatures, e.g., Mg(OH),—=Mg0+H,0. 

The reaction of hot iron with steam can be demonstrated in the 
laboratory with apparatus shown in fig. 1,4. 


RMN MAMMA EM 


Fig. 1.4: Preparation of hydrogen by the action of steam 
on red-hot iron. 

Powdered iron is placed in a porcelain tube and heated to 
redness. Steam is passed by boiling water in a flask over the red- 
hot iron through the tube. Hydrogen evolved passes through the 
delivery tube connected at the other end of the tube and collects in 
a gas-jar by the displacenat of water. 

(iii) Action of steam on coke. Steam when passed through a 
bed of hot coke decomposes to produce hydrogen : 

C+H,0=CO+H, 

The resulting mixture of carbon monoxide CO and hydrogen is 
known as water gas and can be used as gaseous fuel. The carbon 
monoxide is converted almost completely into carbon dioxide by 
adding more steam and passing the mixture at about 500°C over a 
suitable catalyst such as iron oxide. {POROUS 

CO+H,0=CO,+H, 
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(iv) Action of steam on a hydrocarbon, Hydrocarbons from 
matural gas such as methane and propane react with steam in the 
presence of nickel as a catalyst to produce hydrogen, 


CH, +2H,0=4H, +CO, 


(methane) 

C,H, +3H,O=7H, +3CO 
(propane) 

C,H, +6H,O=10H, 4-3CO, 
(propane) 


(v) Action of hydrides on water, Hydrogen can be prepared 
by the reaction of a metallic hydride (a compound of a metal and 
hydrogen) with water. Hydrides of the active and moderately 
active metals decompose cold water readily to yield hydrogen. 
With calcium hydride, the reaction is represented by the following 
equation : 

CaH, +2H,O=2H,+Ca(OH), 
Calcium hydride also called hydrolith is most commonly used 
because it is the cheapest commercially. 

(4) The decomposition of hydrocarbon, Thermal decomposition 
of hydrocarbons such as methane, CH,, under proper conditions 
forms hydrogen. 

CH,=C+2H, 
Acetylene C,H,, is decomposed by electric sparks to yield 
hydrogen : 

C,H, =2C+H, 

(5) The decomposition of ammonia, Hydrogen can be obtained 
by the thermal decomposition of ammonia gas over a catalyst at 
about 500°C : 

2NH,;=No+3H, 
Compression and shipment of the hydrogen gas requires heavy and 
expensive equipment. Hence, ammonia is liquefied and shipped 
to some chemical firm where hydrogen is needed. Ammonia is then 
decomposed to recover hydrogen. 


Preparation of very pure hydrogen, Very pure hydrogen is 
best prepared in the laboratory by electrolysis of water solution 
of barium hydroxide. Solution of pure barium hydroxide ‘in 
distilled water is taken in a hard glass U-tube fitted with nickel 
electrodes. The U-tube on the side of the cathode is connected 
with a bulb tube containing platinised asbestos; the bulb tube is 
again connected with tubes, one of which contains caustic potash 
and the other contains pure redistilled phosphorus pentoxide (fig. 
1,5). The solution of barium hydroxide in the U-tube is warmed 
by placing the U-tube in a beaker of hot water ; the two electrodes 
are then connected to the two poles of a battery when current 
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passes through the solution. Hydrogen evolved passes over 
platinised asbestos which is heated when the traces of oxygen which 
hydrogen contains is converted into water. The moisture is then 
removed by drying the gas first by caustic potash and then by 
pure redistilled phosphorus pentoxide. The dry and pure 
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recrystallised 
Ba(OH); 


Mercury trough 


Fig. 1.5: Preparation of very pure hydrogen. 


hydrogen is then collected over pure and dry mercury. If the 
gas still contains a little nitrogen, it is passed into an evacuated 
bulb containing metallic palladium which 
is gently heated. Palladium absorbs 
hydrogen and not nitrogen which is 
pumped out. The bulb is then strongly 
heated when very. pure hydrogen is 
evolved. The gas is then collected over 
pure and dry mercury. 


Preparation of hydrogen in Kipp's 
generator. Kipp's generator is a. device 
which is useful in the preparation of 
ary gas by the action of a liquid on a 
coarse solid. In the laboratory, it is 
Necessary to get a ready supply of 
hydrogen for occasional use. For this 
purpose, Kipp's generator is usually used. 
The apparatus is illustrated in fig. 1.6. 
The two lower glass globes X and Y are 
joined by a narrow neck and are in 
communication. The upper globe Z is 
provided with a long stem and is fitted 

.  Fig.1.6: Kipp's air-tight’ into the neck N of the middle 

DEE gokat o globe. with its stem. reaching almost 
bottom of the lowest. globe. In the upper part of the middle 
globe, “there is. an aperture O into which fits tightly a glass 


xL 


On y y-o 
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tube provided with a stopcock. The bottom globe X is provided 
with an outlet for the removal of the waste products. 

Into the middle globe Y, granulated zinc is introduced through 

the aperture O. The dilute acid is poured into the upper globe Z 
so that it also fills the lowest globe X ard is driven into the 
central globe where it comes in contact with the zinc and the 
reaction takes place. Hydrogen evolved passes through the 
aperture O, 
. 'When the evolution of gas is to be stopped, the stopcock 
is at once closed, The gas which continues to be evolved in Y 
cannot pass out; it collects in the central globe ; exerts pressure 
on the acids and drives it from the globe Y into the lowest globe 
X. Part of the acid then rises up the stem into the topmost 
globe Z. When there is no more acid in the middle globe Y, the 
gas evolution stops. 

When the gas is again required, the stop cock is opened ; the 
gas passes through the aperture O and the pressure is relieved. The 
acid rises into the middle plobe Y ; comes in contact with zinc 
again ; more gas is generated and the cycle is repeated. 


Properties of hydrogen, (A) Physical properties, (i) Hydrogen 
is a colourless, odourless and tasteless gas, It exists as diatomic 
molecule, Hg. 

It is very slightly soluble in water so that it can be collected 
over water. Below—240'C hydrogen can be 
converted, under. pressure. into a colourless 
liquid. If this liquid is rapidly cvaporated 
solid hydrogen results as colourless crystals 
melting at —259:4'C, 

Hydrogen is the lightest of all ases ; it is 
14°5 times lighter than air, Because of. their 
extreme lightness, hydrogen molecules diffuse 
at a great rate. This property permits the gas 
to escape rapidly from a cracked container. 

Experiment to prove that hydrogen is 
lighter than air, Experiment—1. A jar is 
filled with hydrogen and closed with a cover 
glass. A jar full of air is now inverted 
over the jar of hydrogen and the coyer glass A 
from the ‘mouth is removed. Hydrogen from 
the lower jar'moyes upwards and collects in Fig: 12 
the upper jar by the downward displacement of air ( fig. 1.7). Ifa 
lighted taper is introduced into the vpper jar it is found that the 
gas burns with a pale blue flame. This shows that hydrogen 
moves from lower jar and collects into upper jar. This is possible 
only when hydrogen is lighter than air. / 1 
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Experiment—II, A rubber balloon is filled with hydrogen gas 
and released in air. The balloon rises up in the air. ` 

(ii) Occlusion of hydrogen. A number of metals have the 
eability to absorb hydrogen. This phenomenon of absorption of 
hydrogen by certain metals is known as occlusion of hydrogen. 
Among these metals are iron, nickel, gold, platinum and palladium 
which absorb a large volume of hydrogen at ordinary temperature. 
"Of all the metals, palladium has the highest ability to absorb 
hydrogen ; one milliliter of palladium can absorb upto 900 ml. of 
the gis. When the metal which contains occluded hydrogen is 
heated, hydrogen is released again. This fact is made use of in the 
purification of hydrogen, 

The occluded hydrogen is much more reactive than ordinary 
hydrogen ; it rapidly reacts with oxygen whereas ordinary hydrogen 
is scarcely affected by ordinary oxygen. When hydrogen is allowed 
to impinge upon finely divided platinum exposed to the, air, 
hydrogen becomes so active and so much heat is generated by the 
absorption of the gas that the mixture of hydrogen and oxygen 
‘ignites. This Principle is utilised in the construction of certain 
automatic gas lighter. 


(B) Chemical properties, Under normal conditions, hydrogen 
is not very reactive chemically. At room temperature, it reacts 
with almost no other elements unless the reaction is catalysed. But 
under proper conditions, it combines directly with most elements, 


(1) Reaction with non-metals, Almost all the non-metals react 
with hydrogen to form hydrides, [ 

(i) Reaction with oxygen. Hydrogen burns in oxygen or air but 
does not itself support combustion. Thus, when a lighted taper is 
introduced into an inverted jar of hydrogen, the taper is extinguished 
and the hydrogen burns at the mouth with a pale blue flame. The 
product of combustion is water. 

2H, 4-0, 2 2H,0. 
Owing to the liberation of large amount of heat during the com- 
bustion of hydrogen, hydrogen flame has a very high temperature, 
That water is the product of combustion may be shown as follows : 

A stream of hydrogen is passed through a U.tube containing 

fused calcium chloride to ensure that. it is quite dry. The gas is 
. then lighted at the jet attached to the other limb of the U-tube. 
The gas ignities and burns with a pale blue flame. The flame is 
allowed to impinge upon the outer. surface of the retort (fig. 1.8) 
which is kept cold by circulating water through it. Drops of. a 
‘colourless liquid form on the surface of the retort and fall into a 
-beaker placed “below it. The liquid turns anhydrous copper sulphate 
blue proving that it is water. gi! si qsso1hv 
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If a mixture of two volumes of hydrogen and one volumie of 
oxygen is ignited, the gases combine almost instantaneously through- 
out the volume of the mixture causing a violent explosion, For 
this reason, this mixture is called detonating gas. At ordinary 


Cold water : 


Fig. 1.8: Hydrogen burns in air to form water. 
temperature, mixture of hydrogen and oxygen does not react ; it 
only reacts explosively when heated above 550°C. 

The reaction between hydrogen and oxygen is catalysed by 
certain catalysts. For instance, when a piece of platinised asbestos. 
(ie. a piece of asbestos coated with finely divided platinum) is: 
introduced into a mixture of hydrogen and oxygen, the reaction 
between the gases is so greatly accelerated that they soon explode 
to form water. 

(ii) Reaction with halogens. Hydrogen combines explosively’ 
with fluorine even at — 25°C, 

H +F =2HF 

Hydrogen burns in chlorine and a mixture of hydrogen and’ 
chlorine will explode when heated or when exposed to direct 
sunlight. Hydrogen chloride is formed. 

H,+Cl, =2HCI. 

Hydrogen combines less readily with bromine and iodine, 

H,+Br.=2HBr; H,-I,-2HI 

Except for the reactions with iodine, all these reactions are 
exothermic, The reaction of hydrogen with iodine is endothermic, 

(iii) When hydrogen gas is bubbled into boiling sulphur, a foul 
smelling gas, hydrogen sulphide, is formed. 

H,+S8=H,S 

(iv) Hydrogen combines directly with nitrogen at high pressures 

and at high temperatures over a crtalyst to form ammonia, 
N,+3H,.=2NH; 


\ 
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(2) Reaction with metals, Hydrogen combines. with. active 
metals such as lithium, potassium, sodium, calcium, etc., when 
‘strongly heated to form hydrides. ) 

-2Na+H,=2NaH ; Ca+H,=CaH, ; 
2Li+H, —2LiH. 


Fused metallic hydrides conduct electricity. It has been demons- 
trated experimentally that it is the metal which exhibits the 
positive valence in most of the metallic hydrides. So in these 
hydrides, hydrogen must exhibit a valence of — 1. Metallic hydrides 
react with water to form hydrogen back. 


NaH--H,O0-— NaOH--H ; 


(3) - Reaction with compounds. (i) Because of its tendency to 
combine with oxygen, hydrogen reacts with many metal oxides, 
Inthese reactions, it acts as a reducing agent and the metal oxide 
is reduced to free metal and hydrogen is oxidised to water, 


Cu0+H,=Cu+H,O 
Fe,0,+4H, =3Fe+4H,0 


The oxide to be reduced is usually heated to redness in a tube 
through which the gas is permitted to flow slowly (fig. 1.9). 
Water vapour and excess hydrogen are raleased at E, 


The. oxides of 
strongly — electroposi- 
tive elements such as 
lithium, sodium, pota. 
Ssium, etc, are not 
reduced by hydrogen 
but on the contrary 
these metals liberate 
hydrogen from water. 

When hydrogen 
reacts with metal 
EE cs ue seras the metal 
Fig. 1.9: Reduction of copp chloride is not usuall 

by MERI .. ,Ieduced to the free 
metal, but to a lower positive state of oxidation. In these reactions, 
hydrogen chloride is always formed. Thus titanium tetrachloride 
TiCl, reacts with hydrogen at about 700°C to form titanium 
trichloride and hydrogen chloride : 


+4 +3 
2TICl, +H, =2TiCl, --2HCI 


Under suitable conditions hydrogen reacts with carbon mono- 
xide to form various compounds of great value. Thus methanol 
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is prepared on a large scale by the direct union of carbon 
monoxide and hydrogen in presence of a catalyst : 
CO+2H,.=CH,OH (methanol). 


Nascent hydrogen. If a stream of hydrogen is passed through a 
solution of ferric chloride, no reaction takes place and ferric 
chloride remains unchanged. Now, if hydrochloric acid is added 
to a solution of ferric chloride and a piece of zinc dropped into 
the solution, the hydrogen liberated rapidly converts ferric chloride 
into ferrous chloride: | 


FeCl, +H = FeCl, 4- HCl, 


It is assumed that the peculiar activity of hydrogen in such 
cases is due to the fact that hydrogen isin newly born or nascent 
state. Nascent hydrogen is hydrogen at the moment of its libera- 
tion, when it exhibits abnormal activity. That nascent hydrogen 
is more reactive and a more powerful reducing agent than 
ordinary molecular hydrogen can be shown by the following 
experiments : 


(i To a yellow solution of ferric chloride, hydrochloric acid 
anda piece of zinc are added. The yellow colour of the solution 
changes to green which is the characteristic colour of ferrous 
chloride. 

2HCl -ZneZnCl, +2H 
2FeCl, --2H =2FeCl, 4-2HCI 

When hydrogen from  kipp's apparatus is passed through 
another solution of yellow ferric chloride, no change of yellow 
colour takes place. Hence, ordinary molecular hydrogen does not 
react with ferric chloride. 


(ii) A little potassium permanganate is dissolved in water 
when a pink coloured solution results. A portion of this solution 
is acidified. with sulphuric acid and hydrogen from kipp’s 
apparatus is passed through it. The pink colour of the solution 
does not undergo any change. 

To another portion of the same solution, pieces of zinc and 
sulphuric acid are added. The pink colour of the solution 
gradually disappears due to the reduction of potassium permanga- 
nate by the nascent hydrogen formed by the reaction of zinc and 
sulphuric acid, 


5Zn+5H,SO, =5ZnSO, + 10H 
2KMn0, +3H,SO,+10H=K,SO,+2MnSO,+8H,O 
(iii) When hydrogen from kipp’s apparatus is bubbled 


through a solution of arsenic trichloride, no reaction takes place. 
If to another solution of arsenic trichloride, zinc and hydrochloric 
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acid. are added, reaction at once takes place and arsenic trichloride 
is reduced to arsine: |... Diese ) 
3Zn+ 6HCl=6H+3ZnCl, 
AsCl; +6H = AsH, +3HC1. 

It is supposed that the enhanced activity of nascent hydrogen 
is due to the hydrogen in the atomic state which is exceptionally 
reactive. That is, hydrogen which is just liberated from a 
compound is in the state of free atoms and these atoms react 
before they have a chance to combine into molecules, Ordinary 
hydrogen tonsist of hydrogen molecules, - Since atoms are more 
active than molecules, nascent hydrogen is more reactive than 
ordinary hydrogen. 

But this theory of nascent hydrogen fails to explain the different 
reactivities of nascent hydrogen obtained from different sources, 
For example, nascent hydrogen obtained by the reaction of zinc 
on sulphuric acid can reduce potassium chlorate but the nascent 
hydrogen obtained by the reaction of sodium amalgam with water 
cannot reduce potassium chlorate. This is due to the reason that 
the nascent hydrogen becomes energised by acquiring energy 
evolved in a chemical reaction. Since different amount of energy 
is evolved in different reactions, nascent hydrogen obtained in 
different reactions has different energy. Asa result, the reactivities 
of nascent hydrogen obtained from different sources become 
different. 

Atomic hydrogen. At high temperatures the hydrogen molecule 
dissociates into atoms : 

H,z5H-4-H. 


Atomic hydrogen is produced by heating tungsten wire electrically 
in an atmosphere of highly rarefied hydrogen. A large quantity 
of heat (about 102, €00 cal per gram molecule) are absorbed when 
hydrogen is decomposed into its atoms. Hence, atomic hydrogen 
must be much more reactive than molecular hydrogen. 


The atomic hydrogen is very 
short lived and recombines rapidly 
into molecules, When the atoms 
recombine they release the large 
quantity of energy which they 
absorbed during the decomposi- 
tion of hydrogen molecules. Atomic 
hydrogen torches. work on this 
principle. An electric arc is struck 
Fig. 1.10 : Change of molecular between two tungsten electodes and 

hydrogen into atomic a jet of hydrogen from a cylinder 

hydrogen. is passed through the arc. 
Hydrogen molecules. decompose into atoms which recombine into 
molecules at a short distance from the arc producing intensely 


Electric aro 
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hot flame. The high temperature of the flame is due to the’ 
energy released during | the recombination of the atoms into 
molecules. The hot flame produced is capable of melting 
tungsten (m. pt. 3400°C). Atomic hydrogen flame is very suitable 
for welding metals, 

Atomic hydrogen is very reactive and acts as a powerful reducing 
agent. It reduces oxides of certain metals and displaces silver, 
copper, mercury and lead from their salts. It combines with 
molecular oxygen to form hydrogen peroxide, reduces sulphur to 
hydrogen sulphide and combines with alkali metals to form 
their hydrides : 

0,+2H=H,0, ; S--2H -H,$ ; Na+H=NaH 
It reacts with carbon monoxide to form formaldehyde ; 
CO+2H=HCHO, 


Tests of hydrogen. (i) Hydrogen burns in oxygen or air with 
à pale blue flame. The only produet-of combustion is water which 
turns white anhydrous Copper sulphate blue, (ii) Hydrogen is 
absorbed readily by palladium. | The absorbed hydrogen is 
liberated again when palladium is heated. : 

Uses of bydrogen. Elemental hydrogen finds a number of 
large scale uses : 

(i) It is used for filling balloons and air-ships, Nowadays 
hydrogen is replaced. by helium for filling air-ships, since hydrogen 
is inflammable and hence its use is dangerous. 

(ii) Large amounts of hydrogen are used in the Synthesis of 
ammonia, hydrogen chloride and methanol, CH, OH. 

(iii) It is used in the recovery of certain metals from their 
oxides and chlorides, 


(iv) Large amount of hydrogen are required in the hydrogena- 
tion of vegetable oils, Vegetable oils such as cotton-seed oil and 
coconut oil combine with hydrogen in the presence of a metal 
catalyst and are converted into fat substitutes that are used 
às food or are converted into Soaps. It is also used for the 
hydrogenation of petroleum fractions and coal for producing 
Synthetic petrol. 

(V) It is used asa fuel in the oxyhydrogen and the atomic: 
hydrogen torch which are used for fusing refractory- metals for 
welding, for cutting and drilling metals. 

Isotopes of hydrogen. Three isotopes of hydrogen are known : 
(i) 1H? — sometimes called protium but generally called hydrogen ; 
(ii) ;H? or D — called deuterium: and (ii) ,H? or T — called. 
tritium. All three isotopes are equal in. atomic number and electric 
Charge of their nuclei but differing in mass.. The nucleus of protium 
is called proton consisting only of a proton, the nucleus of deuterium 
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is called deuteron consisting of one proton and one neutron and the 
nucleus of tritium is called triton consisting of two neutrons and one 
proton. All of them contain one electron in the extranuclear shell, 
Owing to identical electronic configuration, chemical properties of 
the isotopes are largely the same. Since they differ in masses, 
their rates of reactions and equilibrium constants for corresponding 
reactions are different, For example, the rate of diffusion of protium 
is about J2 times that of deuterium. Due to differences in mass, 
afew detectable differences in physical properties, ¢.g., melting 
point, boiling point, ctc., of protium and deuterium are observed. 
The differences of property which arise due to the difference, 
in mass are called isotopic effect. 


EXERCISE 


1. How is hydrogen prepared in the laboratory ? What are the 
precautions to be taken during the preparation ? How is this gas purified ?' 

2, State the physical and chemical properties of hydrogen. 

3. With equations show four different methods for obtaining hydrogen 
gas from water. Which of the following metals would liberate hydrogen 
from cold water: Cu, Bi, Au. Pt, Mn, Na, Al? 

4. Describe a method for the preparation of hydrogen by the inter- 
action of a metal on acids. What metals are used and why? Why dilute 
and not concentrated sulphuric acid is used ? Can nitric acid be used for 
preparing hydrogen? If not why ? 

5. Describe a method for the preparation of very pure hydrogen. 
What is nascent hydrogen ? How would you prove that nascent hydrogen 
is a more powerful reducing agent than ordinary molecular hydrogen ? 

What do you mean by occlusion of hydrogen ? 

6. Describe kipp’s generator with a neat sketch, Explain how a ready 
and controlled supply of hydrogen is obtained in the laboratory with the 
help of this apparatus. 

7. Describe experiments to show that : 

(a). Hydrogen burns in oxygen to form water. 

(b) Hydrogen is a reducing agent and form water when it reduces 
an oxide. 

(c) Hydrogen in the nascent state is more active than molecular 
hydrogen. 

8. Describea commercial method for the preparation of hydrogen. 
How is hydrogen separated from water gas ? 

9, Explain what happens when 

(a) steam is passed over red-hot iron. 

(b) hydrogen is passed over heated calcium and the product formed 
is treated with water. 

(c) hydrogen is passed over heated-copper oxide. 

(d) aluminium shavings are boiled with 20% solution of caustic 


potash. 
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(e) zinc and dilute hydrochloric acid are added to ferric chloride 
solution. 


(f) zinc and dilute sulphuric acid are added to potassium permanga- 
nate solution, 


10. Write equations for the following reactions : 
(a) Potassium-- water. 
(b). Mercuric oxide +hydrogen+heat. 
(c) Zine+strong solution of sodium hydroxide. 
(d) Silicon +strong solution of caustic soda. 
(e) Calcium hydride-- water. 

11. Explain the following statements : 


(a) Commercial zinc and not pure Zinc is used in the laboratory 
preparation of hydrogen from dil. 180, or dil, HCl. 


(b) Nitric acid is not used in the preparation of hydrogen. 


(c) Cone. H,SO, is not used in the preparation of hydrogen by the 
action of zinc. 


(d) Atomic hydrogen enters into reactions of which the molecular 
hydrogen is quite incapable under the same conditions. 


(e) Copper cannot liberate hydrogen from dilute acids, 
(f) In water, proton ( hydrogen cation ) exists as hydronium ion. 


12. Write notes on : (a) atomic hydrogen, (b) nascent hydrogen and 
(€) atomic hydrogen torch. 


, Si Explain the principle upon which atomic hydrogen welding is 
ased, 


14. Discuss the role of metallic impurities in the preparation of 
hydrogen from dil. acid by the action of zinc, 


CHAPTER II 
OXYGEN AND OZONE 


Joseph Priestley, an English chemist, discovered oxygen in 1774. He 
prepared it by heating some red mercuric oxide which was confined over 
mercury into the top of a closed tube which had been filled with mercury 5 
its open lower end being under the surface of a bath of mercury. The 


mercuric oxide was heated by the concentration of the sun’s Tays Over it: 


by means ofa lens., The reaction was 2HgO—2Hg4-O,. K.W. Scheele of 
Sweden prepared and investigated oxygen before 1773, but since he did 
not publish “an account of his work until 1777, he is not given priority. 
credit. In 1775, Lavoisier, having learned about Priestley's work took up 
the study of the properties of oxygen. He established that the gas was à 
component part of air. He gave it the name oxygen ( Greek, oxys, acids 
and geom, to form ) because he thought mistakably that it was essentia 
constituent of all acids. 


Of all the elements found on the earth, oxygen is most abundunt. 
In the free state, it occurs in the atmospheric air and constitutes 23:296 
by weight or 20'9% by volume of the atmosphere. In the combined state, 
oxygen occurs in water, in nearly all rocks, in many minerals, in all plants 
and animals. Combined with hydrogen in water it constitutes about 86% 
by weight of the oceans which cover the earth. Minerals such as sand, 
SiO,, limestone CaCO, and clay contain large quantity of oxygen. Oxygen 
constitutes about 50% of the earth's crust. 


Preparation. Oxygen can be prepared from (1). air ; (2) water 
and (3) compounds of oxygen. 


(1) From air. Since approximately 207, of air consists of 
oxygen, air isthe primary source of oxygen. There are two 
methods which are readily applicable to the preparation of 
oxygen, viz., (i) Brin’s process, and (ii) Fractional distillation of 
liquid air. 

(i) Brin's process, If baryta (barium oxide, BaO) is heated at 
atemperature of 500°C in air at atmospheric pressure, barium 
peroxide is formed. Barium peroxide thus formed when heated 
to 700°C, decomposes to yield oxygen and barium oxide again. 

500° 
2Ba0+0,.= 2BaO, 
700°C 
2BaO, = 2Ba0+0, 

Such a process which involves a series of reactions that lead 
back to the starting materials is called a cyclic process. Only air 
and heat are necessary for the successful operation of this process. 

(ii) Fractional distillation of liquid air. Air is first liquefied. 
The liquid air is a mixture of liquid nitrogen (b. pt. —195-8°C) and 
liquid oxygen (b. pt., —183'C). So when the liquid air is distilled, 
nitrogen which is more volatile, boils off first, leaving oxygen as à 
residue, Pure liquid oxygen has a pale blue colour. 
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(2) From water. Oxygen can be prepared conveniently from 
water by the following processes : E 

(i) Action of sodium peroxide 
9n water. Solid sodium peroxide 
is taken into a conical flask fitted 
with a dropping funnel and a 
delivery tube. Water is then added 
on to sodium peroxide drop by drop 
from the dropping funnel. Sodium 
peroxide reacts immediately with 
‘water at room temperature. Oxygen 
which is evolved during the reaction 
is then collected by the displace- Fig. 2.1: Preparation of oxygen 
ment of water (fig. 2.1). at ordinary temperature. 

2Na,0, -2H,0 — 4NaOH 4-0, 

Sodium hydroxide is soluble in water and remains dissolved. 


(ii) Electrolysis of water. When acidulated water is electro- 
lysed, oxygen is liberated at the positive electrode. Electrolysis of a 
solution of bariam hydroxide with nickel electrodes also liberates 
oxygen. 

(iii) Action of chlorine on steam, A mixture of steam and, 
chlorine is passed through a strongly heated silica tube containing 
* pieces of broken porcelain. Chlorine combines with hydrogen of 
steam to form Hydrogen chloride and oxygen is set free : 

2H,0+2Cl, =4HCI+0, 
Oxygen is freed from hydrogen chloride by passing the mixture 
through a caustic soda solution in a wash-bottle which absorbs 
hydrogen chloride only. Oxygen is then collected by the displace- 
ment of water. 

(3) From compounds of oxygen. (i) By heating oxides of 
metals. Oxygen may be obtained by heating certain metallic 
oxides such as those of mercury, silver, gold and platinum. When 
mercuric oxide is heated strongly in a hard-glass tube, globules of 
Mercury collect in the cooler parts. of the tube and oxygen gas is 
evolved. Oxygen may be collected over mercury. 

2HgO =2Hg+0, 
Silver oxide when heated decomposes at a lower température and 
gives good yields of oxygen. 

2Ag,0 2 4Ag--O; 
‘Oxygen can be prepared by heating certain higher oxides of metals. 
A lower oxide ofthe metal is formed. Red lead, Pb,O,, when 
heated evolves oxygen and leaves a lower oxide of ledd called 


litharge : - 
2Pb,0,=6PbO+O0,— O 
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Lead dioxide also gives oxygen when heated. 

2PbO,—2PbO--O,  . 
Manganese dioxide when heated gives trimanganic tetroxide and 
evolves oxygen : 

3MnO, -Mn,0O, +0% 
Chromium trioxide, CrO,, evolves oxygen when heated, leaving 
green chromic oxide, 

4CrO, =2Cr,0,, +30, 
Hydrogen peroxide readily loses oxygen to form water, 

2H,0, =2H,O+0, v 

(ii) From oxy-acids and oxy-salts. (a) From nitric acid or 
sulphuric acid. When concentrated sulphuric acid or nitric acid is 
allowed to fall drop by drop on pumice stone heated to bright redness, 
oxygen, water and sulphur dioxide or nitrogen dioxide are formed. 

2H,SO0, 2280, --2H,0 -O, 
4HNO, =4NO,+2H,0+0, 

Some pumice stones are taken into a distilling flask fitted with 
a dropping funnel. 
The flask is strongly 
heated and conc. 
HSO, or conc. 
HNO, is allowed to 
fall drop by drop 
on the pumice 
stone. A mixture 
of oxygen and sul- 
phur dioxide or ni- 
trogen dioxide is 
formed ; the mix- 
ture is then allowed 

Pig. 2.2; EX quon eren iron conc. to pass through a 

1 U-tube kept im- 

mersed in a freezing mixture. SO, or NO, condenses to a liquid 
in the U-tube but oxygen passess out and is collected over water. 

(b) From metallic nitrates. Most of the metallic nitrates 
evolve oxygen when heated. The formation of the other product 
depends on the activity ot the metals. From this view point, 
metals are divided into three classes (fig. 2:3). 

(i) Sodium nitrate and potassium nitrate (ciass A in the figure 
2:3) when heated give off oxygen and leave sodium nitrite and 
potassium nitrite respectively. 

2NaNO, =2NaNO,+0, 
2KNO, =2KNO,+0, 
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(ii) The- nitrates of the metals of class B when heated 
decompose into the oxide of the metal, nitrogen di-oxide and oxygen. 


2Ba(NO,), =2Ba0+4NO, +0, -p 


K 
2Ca(NO,),,=2CaO-+-4NO,,+-0,, Na |^ 
2Zn(NO,), = 2ZnO -- 4NO, +0, MAT AU 
2Cu(NO,), 22CuO--4NO, +04 Bà 
2Pb(NO,), =2PbO-+4NO, +0, ex 

(iii) The nitrates of the metal of class C Mg 
decompose into metal, nitrogen di-oxide and oxygen. Al |p 
Hg(NO,), =Hg+2NO0,+0, an 
2AgNO,=2Ag+2NO,+0, si 
Ammonium nitrate is exceptional ; it decomposes Pb 
into nitrous oxide and water : Cu 
NH,NO, 2 N,O4-2H,0 A MN 
Some lead nitrate are taken into a hard.glass 5d 
test tube which is connected to a U-tube kept ie 
immersed in a freezing mixture (fig, 2.4). The test Pt 


tube is then strongly heated when a mixture of ~ 
nitrogen dioxide and oxygen is formed ; the mixture - Fis. 73 
passes through the U-tube where nitrogen dioxide. condenses to a 
liquid. Oxygen passes out and collects over water in a gas-jar, 


Fig. 2.4; Preparation of oxygen by thermal 
decomposition of lead nitrate. 


- (c) Potassium dichromate and potassium permanganate when 
Strongly heated evolves oxygen. 
4K,Cr,0; =4K,CrO,+2Cr,0, +30. 
P 2KMnO; 2K,MnO, 4- Mn0,--O, 


1 


> 
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Potassium permanganate reacts with warm dilute sulphuric acid 
to evolve oxygen. i 
4KMn0O, +6H-50, =2K,SO,+4MnSO, -- 6H.,0 4-50, 
When heated with conc. HySO,, KMnO, explodes violently. 
Pofassium dichromate evolves oxygen when heated with conc. 
H,SO,. 
2K,Cr,O; + 10H,SO, =4KHSO,+2Cr, (SO,).. +8H,0+30. 


(d) When hydrogen peroxide solution is mixed with a solution 
of potassium permanganate and dilute sulphuric acid, oxygen is 
evolved, Oxygen thus obtained is pure. 

2KMnO, +3H,SO, +5H,O, =K,SO, + 2MnSO , +8H,0+50, 
In this reaction, potassium permanganate and hydrogen peroxide 
mutually decompose cach other. By this process oxygen is 
prepared at ordinary temperature, i.e., without the application of 
heat to the reacting substances. 

A solution of hydrogen peroxide is taken into a conical flask 
fitted with a dropping funnel and a delivery tube (fig, 2.1). The free 
end of the delivery tube is introduced into a gas-jar filled with water 
and kept inverted into water in a trough. A cooled mixture of 
potassium permanganate solution and dilute sulphuric acid is taken 
in the dropping funnel and allowed to fall drop by drop into hydro- 
gen peroxide solution, The oxygen evolved is collected over water. 


(c) From bleaching powder. A solution or paste of bleaching 
powder to which have been added a few drops of cobalt chloride 
solution is gently heated, Oxygen is rapidly evolved and is collec- 
ted over water, Cobalt chloride acts as a catalyst. 

2Ca(OCI)Cl=2CaCl., +0. 


(f) From potassium chlorate. Laboratory preparation. When 
potassium chlorate is heated to 370°C. it is slowly decomposed 
into potassium perchlorate and potassium chloride : 

4KCIO, =KCI+3KCIO, 

When. the temperature is raised to 400°C, potassium per- 

chlorate loses its oxygen and is converted into potassium chloride : 
KCIO, =KCl+20, 

If asmall amount of manganese dioxide is mixed with pota- 
ssium chlorate, the reaction proceeds readily at a much lower 
temperature, In the laboratory, therefore, oxygen is prepared 
by heating a mixture of potassium chlorate and manganese dioxide. 
Manganese dioxide acts as a catalyst, Only potassium chlorate is 
decomposed and in this case, there js no formation of potassium 
perchlorate, 

2KC10,+[iMnO2]=2KC14-30,-++[Mn0,] 
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Potassium chlorate is mixed with } of its weight of manganese 
dioxide and the mixture is taken in a hard-glass test tube. The 
test tube is fitted with a cork through which passes a delivery tube 
and is clamped in a horizontal position with its cork-end inclined 
slightly downwards, The end of the delivery tube is introduced 


Fig. 2.5; Laboratory method of preparation of oxygen. 


into a gas-jar full of water which is kept inverted on a beehive 
shelf in a trough (fig. 2.5). The test tube is now heated cau- 
tiously with a small flame. Oxygen which is evolved, passes 
through the delivery tube and collects inside the gas-jar by the 
displacement of water. 

Precautions, (i) Pure manganese dioxide must be used, because 
manganese dioxide containing combustible impurities such as charcoal 
or antimony sulphide when heated with KCIO, explodes violently. 

(ii) The gas should be allowed to escape for sofne time before 
collection. 

(iii) The tube should be clamped with its mouth slightly inclined 
downwards so that the delivery tube is not choked, 

(iv) The delivery tube must be taken out of the water before 
the test tube is allowed to cool, since otherwise water will be sucked 
up into the hot tube and crack it. 

Experiment to prove that manganese dioxide acts as a catalyst 
in the decomposition of potassium chlorate. In order to prove the 
catalytic activity of manganese dioxide, we must prove that (i) it 
increases the rate of decomposition of KCIO, and (ii) it remains 
unchanged in mass and chemical composition after the reaction. 

(i) Potassium chlorate is taken in one test tube and a mixture 
of potassium chlorate and manganese dioxide (in the ratio 5 : 1) 
is taken in another test tube. The two test tubes are embedded 
in a sand-tray and heated. It is found that.oxygen is first evolved 
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from the tube which contains the mixture. Hence, manganese 
dioxide accelerates the rate of decomposition of potassium chlorate. 


(ii) A porcelain crucible containing about 5 grams of pota- 
ssium chlorate is weighed accurately. Then about 1 gram of 
manganese dioxide is added to it and again weighed. The diffe- 
rence in the two weights gives the weight of manganese dioxide 
taken. The crucible is then heated till KCIO, is completely de- 
composed and no more oxygen is evolved. The crucible is cooled 
and the residue is treated with water when KCl dissolves in water 
but manganese dioxide remains undissolved. The mixture is 
filtered ; manganese dioxide on the filter paper is repeatedly washed 
with distilled water, dried in air-oven and weighed again. It is 
found that this weight of manganese dioxide is the same as the 
weight originally taken. Thus, manganese dioxide remains unchanged 
in mass in the decomposition of KCIO.,. 


This manganese dioxide is mixed with KCIO, and the mixture 
is heated. Oxygen is again evolved. The experiment can be 
repeated with the same quantity of manganese dioxide and 
each time oxygen is evolved. Thus, manganese dioxide remains 
unchanged in chemical composition during the decomposition of 
potassium chlorate. 


Experiment to prove that the residue left in the tube is a chloride 
and not a chlorate. The filtrate obtained when the water extract of 
the residue in the crucible ( in experiment ii ) is filtered, is treated 
with silver nitrate solution when a curdy white precipitate is formed. 
The precipitate is insoluble in nitric acid, but soluble in ammonium 
hydroxide. On adding silver nitrate solution to a solution of 
KCIO,, no such precipitate is obtained, Hence, the residue left in 
the crucible when KCIO. is heated with MnO, must be a chloride. 

KCI+ AgNO, =KNO,+AgCl 

Preparation of pure oxygen. (i) Pure oxygen can be prepared 
by the electrolysis of a warm solution of barium hydroxide in water, 
using nickel electrodes. 

(ii) Pure oxygen is best prepared by the reaction of hydrogen 
peroxide with acidified potassium permanganate solution, Oxygen is 
dried by meansof phosphoruspentoxide and iscollected over mercury. 

(iii) Potassium permanganate solution in water is acidified with 
sulphuric acid and boiled in order to free it from dissolved gases. 
On electrolysis of this solution, very pure oxygen is liberated at 
the anode. The gas is passed through a U-tube containing phos- 
phorus pentoxide and is collected over mercury. 

Industrial preparation. Oxygen is prepared on a large scale 
(a) by Brin's process ; (b) by fractional distillation of liquid air and 
(c) by electrolysis. 

(a) Brims: process. This method is based on the fact that 
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barium oxide, BaO, when heated in procelain tubes to 500°C in. 
current of air forms barium peroxide BaO, and at a temperature 
of 800°C, this is again spljt up into barium oxide and oxygen. On 
lowering the temperature again, the regenerated barium oxide 
absorbs further oxygen from the air with the formation of the 
peroxide. Thus, the same quantity of barium oxide can be used 
again and again, 

Purified and dried air is passed into cylindrical, vertical cast 
iron retorts which contain hard porous barium oxide. The retorts 
are heated in a furnace toabout 550°C and eir is kept into the retorts. 
under a pressure of 1}, atmospheres. Under these conditions, barium. 
oxide rapidly absorbs oxygen to form barium peroxide ; unabsorbed 
nitrogen passes off ; the air is then shut off; the temperature of 
the retort is raised to 700°C and the retort is evacuated to a lower 
pressure. BaO, decomposes into BaO and oxygen. The evolved 
oxygen is removed. The purified air is again passed into the retort 
and the process is repeated. 

In practice many difficulties are encountered and the process. 
is now obsolete, 

(b) Fractional distillation of liquid air. Oxygen is nowadays. 
obtained on a large scale from liquid air. Liguid air is manufactured 
by a method invented by Hampson and Linde. This method is. 
based upon the fact that when a gas under high pressure is allowed 
to expand through a small orifice, the gas is cooled down. The 
machine in which air is liquefied is described below : 

Air is first purified from dust, carbon dioxide and water vapour 
and the purified air is allowed to pass through a tube and is com- 
pressed to about 200 atmospheres by pump X. The compressed air is. 
now allowed to flow through 
pipes Y cooled by running 
cold water and the heat, 
which is produced during 
compression is absorbed. The 
cold, high pressure gas then 
enters the liquefierZthrough 
the inner pipe L of the two 
concentric metal pipes 
wound in the form of a 
spiral. At the end of the 
inner tube, there is a small 
orifice O through which t 
the air expands to a lower 
pressure in chamber M. Fig. 2.6 i 
The air is cooled as a result of this expansion. The cold air now 
passes up the outer tube, Q and is again compressed. The com- 
pressed air passes down the -inner pipe and is cooled by- the gas. 
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passing upwards through the outer pipe. The cold compressed gas 
is again allowed to expand through the orifice and consequently 
becomes still colder. This process is repeated until the air liquefies. 

The liquid air is then distilled in a fractionating column, when 
the more volatile nitrogen first distils off and escapes and almost 
pure liquid oxygen is left at the bottom of the fractionating column. 

The liquid oxygen is now vapourised and stored in steel cylin- 
;ders at pressure of about 2000 Ibjinch®. 


Liquid oxygen can be kept for appreciable periods of time in a 
double walled flask called Dewar flask. The inside walls of the 
flask are silvered and the space between the walls is evacuated. 
Common thermosflask is similar to the Dewar flask. 


Properties (a) Physical properties. Ordinary oxygen exists 
as a diatomic molecule, O,. It is a colourless, odourless and 
tasteless gas and is slightly heavier than air. Oxygen is slightly 
soluble in water; the dissolved oxygen in water serves for the 
respiration of aquatic animals. 


When cooled to — 183°C at atmospheric pressure, it condenses 
ioa pale blue liquid. On further cooling the liquid freezes at. 
—218°4°C to a pale blue crystalline solid. The liquid and solid 
oxygen are highly magnetic. 


(b) Chemical properties. Oxygen is a very active element 
which reacts with most clements and compounds, The reactions 
usually occur slowly at ordinary temperature, but take place quite 
rapidly when heated, 


Combustion is the rapid combination of oxygen with substances 
with the evolution of heat and light. 

(i) Oxygen is not inflammable but is a supporter of combustion. 
When a glowing chip of Wood is introduced in a jar of oxygen, the 
wood is fetnedistel rekindled, but oxygen does not burn. 

(ii) Reaction with non-metals. Some non-metals such as 
phosphorus, sulphur and carbon reacts with oxygen to form acidic 
oxide. For example, when white phosphorus after heating 
carefully in a deflagrating spoon, is plunged into a jar of oxygen, 
it burns with the production of intense heat and light, forming dense 
white cloud of phosphorus pentoxide. 


4P+50, =2P,0, 
Phosphorus pentoxide when treated with water, forms phosphoric 


acid. 
P,0,4-3H,0 -2H,PO, 


Feebly burning sulphur when thrust into oxygen; burns more 
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vigorously forming sulphur dioxide. A little sulphur trioxide is. 
also formed. j 
$+0, =SO. 


28+30, =2S0, 

When shaken with water, the product of combustion dissolves 

forming solution which is acidic to litmus. 
$0, +H,O=H,SO, 80,+H,O=H,SO, 

Finely divided charcoal (carbon) is first heated in a spoon. 
The heated charcoal is then poured into a jar of oxygen, when it 
burns brilliantly, often throwing off bright sparks. The product of 
the reaction is carbon dioxide, C+O,=CO, 

Carbon dioxide dissolves in water, forming a weak unstable acid : 
CO, +H,O=H,CO, 

(iii) Reaction with metals, Almost all metals except silver,. 
gold and platinum metals, react with oxygen when heated, forming 
oxides of the metals, 

The alkali and alkaline earth metals react most readily with 
oxygen. When sodium and potassium after heating in iron defla- 
grating spoon are thrust into a jar of dry oxygen, they burn with 
bright yellow and violet flames respectively, forming mainly 
peroxides 2Na-4-O, 2 Na,0, 

2K +0,=K,0, 
The products of the reaction when dissolved in water form solutions. 
which are alkaline to litmus paper and contain sodium hydroxide 
and potassium hydroxide : 
2Na,0, -2H.,0 - 4NaOH +0, 
2K,0,+2H,O=4KOH +0, 

When a magnesium ribbon is heated in the flame of a Bunsen 
burner and inserted into a jar of oxygen, it burns with dazzling: 
brilliancy, forming magnesium oxide or magnesia, MgO : 

2Mg-+O;=2MgO > 

The end of an iron wire is coated with sulphur, The sulphur 
is ignited and the wire is then inserted into a jar of oxygen. The 
metal burns with brilliancy, forming ferrosoferric oxide, 

3Fe+20, =Fe,O, 

The same reaction takes place when red-hot iron is immersed’ 
in pure oxygen. : 

(iv) Reaction with compounds. Some of the familiar and 
common reactions of oxygen with compounds are described below : 

(a) Oxygen reacts with nitric oxide in the cold to give brown 
fumes of nitrogen dioxide : 

$ 2NO+0,=2NO, 
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(b) Oxygen oxidises sulphurous acid, ferrous salts and stan- 

nous salts in the cold, as shown by the equations : 
2HiS0, +0,= 2H,SO, 
4FeSO, +2H,S0, +0, =2Fe,(SO,);-+2H.0 
2SnCl, +4HCl1+0, =2SnCl,+2H,O 

(c) Acetylene burns in oxygen to form carbon dioxide and 
water : 

2C,H, +50, =4C0,+2H,0 
‘Similiarly, methane burns in excess of oxygen to form CO, and 
water : 
CH,+20, =CO,+2H30 
Ethyl alcohol is oxidised by oxygen to form CO, and water : 
2C,H,OH+60,=4C0, +6H,O 

(d) An acid solution of chromous chloride is oxidised by 
oxygen with the formation of chromic chloride. The solution turns 
from blue to green : 

4CrCl, +4HCl+ 0, =4CrCl; + 2H,0 

Tests. (i) Oxygen rekindles a glowing chip of wood. 

(ii) Oxygen produces brown fumes of nitrogen dioxide with 
mitric oxide. 

Absorbents. (i) Oxygen is absorbed by (i) alkaline pyrogallate 
solution ; (ii) ammonical cuprous chloride solution which turns 
deep: blue ; (iii) acid solution of chromous chloride which turns 
from blue to green. ; 

acu Uses. Oxygen is one of the most useful elements. (i) It plays 
„an exceedingly important part in nature. It is usually indispensable 
. for respiration, one of the most important vital processes. 


(ii) Oxygen is used in oxyacetylene and oxyhydrogen torches 
which are used in the welding and cutting of steels and other 
metals. 


Fig. 2:7 shows an oxyhydro- 


NN aramaz ccu seme ePepsce 
0> 
2 m —~ gen torch consisting of two 


| concentric tubes. Oxygen is 
supplied to the inner and hydro- 
H; gen to the outer tube of the 


torch. When the mixture of the 
two gases are lighted at the jet, 


:a blue, pointed and intensely hot flame is produced. 


In oxyacetylene flame, acetylence gas is used in place of 
hydrogen. The oxyacetylene torch reaching 3300°C is used 
-extensively for welding. j 


Fig. 2.7: Oxy-hydrogen torch. 
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If oxyhydrogen flame impinges on a stick of lime, lime becomes 
incandescent and glows with intensely white light called lime light. 


(ii) Liquid oxygen is also used to burn fuel in some types of 
large rockets. 


(iv) Oxygen is used in many industrial processes, For 
example, it is used in roasting of ores, in oxidation of sulphur for 
the manufacture of sulphuric acid, and ‘in the oxidation of 
ammonia for the manufacture of nitric acid. 


OZONE 


In 1875, Van Marum, a Dutch chemist, noticed that the air in the 
vicinity of an electrical machine in motion produced a peculiar smell. 
Schonbein, in 1840, first recognised that this odour is due to the formation 
of a new gas to which he gave the name ozone. ( Greek, ozo=I smell k 


Ozone is present in small quantities in sea air. It is produced in 
the neighbourhood of water-falls. Ozone is formed in the upper layers 
of the atmosphere by the action of ultraviolet light from the sun on the 
oxygen. During thunderstorms, appreciable quantity of ozone is produced 
in the atmosphere. It 1s produced during the working of electrical 


machine. 
Preparation. Ozone is prepared by passing oxygen or air through 
an electric discharge. Oxygen is partially converted into ozone. 


30,320, — 68,000 calories 


The reaction is endothermic. The formation of ozone is, 
therefore, favoured at high temperatures. At ordinary tempera- 
turcs, however, ozone tends to decompose completely and hence 
after the formation of ozone at high temperatures, it must be 
rapidly cooled in order to retain it. 


Again, heat generated by ordinary electrical discharge would 
decompose most of the ozone as soon as it is formed and, therefore, 
a high voltage low temperature electrical discharge or silent 
electrical discharge is used. If layers of an insulating material 
such as glass are placed in the gap through which the discharge is 
passed, a vast number of minute sparks are obtained, As a result, 
there is no local elevation of temperature and these minute 
Sparks are better agents for producing ozone than a hcavier 
"discharge. 


Oxygen must be pure and dry and must be maintained at low 
temperatures in order to get the good yield of ozone, but even so 
only part of oxygen is converted into ozone. The apparatus which 
is used for converting oxygen into ozone is called an ozoniser, 

In the laboratory, ozone is prepared by using two types of 
‘ozoniser—(i) Siemen's ozoniser and (ii) Brodie's ozoniser. 

(i) Siemen's ozoniser. Tt consists of two concentric glass tubes, 
"The inner surface of the inner tube and the outer surface of 


* 
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the outer tube are coated with tin foils. The sheets of tin foil are 
connected to the terminals of an induction coil, and a current of 
dry and pure oxygen is slowly passed through the annular space 
between the concentric tubes. Oxygen is thus subjected to the 
Silent electric discharge which passes between the sheets of tin foils 


Tin foit 


—— Ozonised 
oxygen 


Induction Coil 
Fig. 2.8: Siemens ozoniser. 


separated by the glass ofthe tubes. Oxygen is partially converted 
into ozone and the gas coming out of the tube contains 3 to 8. 
per cent of ozone. 


(ii) Brodie’s ozoniser. It consists of two concentric glass tubes, 
The inner tube is closed at the bottom and is fitted into the outer 
tube with a ground glass joint, 

22. To induction The outer tube is provided 
eo with an inlet tube through 
which oxygen is passed into 

the apparatus and with an 

de ET through which 

the ozonised gas escapes (fig. 

Ozorised 2.9. The ha tube i fled 
oxygen — with dilute sulphuric acid 
solution and the entire 
apparatus is kept immersed in 
a beaker containing the same 
Solution. The wires from an 
induction coil are dipped into’ 
the two solutions. Thus, the 
solutions are electrodes and 
at the same time serve to cool the gas. A slow stream of pure 
and dry oxygen is passed through the annular space between two 
glass tubes and the induction coil is set to. work, Oxygen is thus 
subjected to a silent electric. discharge. which: occurs in: the. space, 
between the tube walls. Oxygen coming out of the ozoniser contains 
several per cent of ozone. The lower is the temperature, the more, 
ozone is formed. ey ire 


Fig. 2.9: Brodie's ozoniser. 
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Preparation of pure ozone. Oxygen mixed with ozone coming 
out of the ozoniser is passed through a tube cooled in liquid air, 
when a blue liquid is obtained. This blue liquid is a solution of 
ozone in liquid oxygen. Fractional distillation of this liquid gives 
pure liquid ozone which is dark blue in colour and boils at — 112°C, 
On careful evaporation of pure liquid ozone, pale blue pure gaseous 
ozone is obtained. 

Other methods of formation of ozone. Ozone can also be 
prepared by the following methods : 


(i) Ozone is formed when an ice-cold dilute sulphuric acid 
solution is electrolysed, using a high current density. The gas 
which is liberated at the platinum anode contains about 14 per cent 
of ozone. 


(ii) Small quantities of ozone are produced when, fluorine 
reacts with water at 0°C. 


(iii) Tt is formed by slow oxidation in a large bottle containing 
moistened phosphorus, partly immersed in water. 


(iv) Ozonised oxygen is also obtained by the action of sulphuric 
acid on barium peroxide, BaO, or potassium parmanganate, 


BaO, +H,SO,=BaSO,+H.,O0+ (ozonised oxygen). 
(v) Ozonised oxygen is produced when hot platinum wire is 
plunged into liquid oxygen. 
(vi) It is also formed by the action of ultra-violet rays and 
radium emanations on oxygen, 


Properties. (A) Physical properties, (i) Ozone is a pale blue 
gas with bad fishy smell and exists as a triatomic molecule. It is 
heavier than oxygen and air, It is slightly soluble in water. but 
more soluble than oxygen. It is readily soluble in certain essential 
oils such as turpentine, cinnamon oil, etc. 


(ii) When cooled to —112°C ozone condenses into a deep blue 
liquid which is highly explosive and magnetic, By strong cooling 
and evaporating under low pressure black crystals of solid ozone are 
obtained. 


(iii) At ordinary temperature, ozone is quite stable but de- 
composes rapidly when heated. The decomposition is greatly 
accelerated by certain substances such as platinum black, dust 
particles, silver oxide, manganese dioxide, etc., all of which act as 
positive catalysts, On the other hand, water acts as a negative 
catalyst, i.e., it stabilises ozone. The decomposition of ozone is 
accompanied by evolution of heat and an increase in volume of one 
and a half times since every two ozone molecules turn into three 
molecules of oxygen : 


20, =30,+ 68,000 calories 
Y. Ch.—3 
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(B) Chemical properties. Since the decomposition of ozone 
into oxygen is exothermic, ozone is a much more energetic substance 
than oxygen. Hence, it is much more reactive than oxygen. Many 
substances which do not react or react with oxygen at elevated tem- 
perature only, readily react with ozone at ordinary temperature. 

(1) Oxidising property. Ozone is a very powerful oxidising 
agent. The following are the examples in which ozone acts as 
oxidising agent, 

(a) Oxidation of metals. It oxidises most of the metals with 
the exception of gold and platinum. Under the action of ozone, a 
shining silver plate blackens rapidly, being covered with a layer of 
silver oxide Ag,O 

2Ag+0O,=Ag,0+0, 

When ozone is passed into a flask containing a little mercury, 
mercury loses its lustre and spreads as a film over the walls of the 
flask. This action is due to the oxidation of mercury to mercurous 
oxide, 

2Hg+0, =Hg,0+0, 

On shaking with water, the mercury recovers its original form. 

(b). Oxidation of non-metals. Dry yellow and red phosphorus 
are oxidised to phosphorus pentoxide by ozone. If water is present 
phosphoric acid is formed. 

2P+30,=P,0,+4+20, 
P,0,+3H,0=2H,PO, 

Similiarly, arsenic in presence of water is oxidised by ozone to 
arsenic acid, 

Dry sulphur is oxidised to sulphur trioxide; if sulphur is 
moist, then sulphuric acid is formed. Dry iodine is converted into 
a yellow powder I,O, but moist iodine is oxidised to iodic acid by 
ozone. 

21,--90; =1,0;+90, 
I,4-50, -H;O 2 2HIO, +50, 
(c) Oxidation of compounds. (i) Ozone oxidises lead sulphide 
to lead sulphate and ferrous salts to ferric salts : 
PbS+40, =PbSO, +40, 
2FcSO; +H,S0, +0, =Fe,(SO,),-+H,O+0, 
Ozone oxidises hydrogen sulphide to sulphuric acid : 
H,S+40, = H,SO, +40, 

Ozone liberates iodine from a neutral solution of potassium 

jodide. The solution becomes alkaline after the reaction : 


2KI+H,0+0,=1,+2KOH+0, 
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Todine is also liberated by ozone from acidified solution of 
potassium iodide : 
2KI+2HCI+0, =2KCl+I,+0,+H,O 
If a piece of paper moistened with a solution of potassium iodide 
and starch solution is brought into contact with air containing 
ozone, the paper immediately turns blue owing to the liberation of 
iodine, 
Sodium nitrite solution is oxidised to sodium nitrate by ozone 1 
NaNO, +0, =NaNO,+0, 


Ozone liberates halogens from their hydracids. 
2HX+0, =X,+H,O+0, (X=Cl, Br, and I) 
2HCl+0, =Cl, +H.0+0, 
Ozone reacts with hydiiodic acid liberating iodine and forming 
hydrogen peroxide. The hydrogen peroxide is formed possibly 
by the side reaction. The reaction is,represented by the following 
equations : 
2HI+0, =I,+H,0+0, 
4HI+0,=21,-+H,O+H.0, 
In these reactions, it appears that ozone first breaks down into a 
molecule of oxygen and free atom of oxygen : 
0,20, +0 
It is this atomic oxygen which oxidises the compounds, 


(ii) There are certain reactions in which the whole of the 
oxygen in the ozone molecule is used up and no oxygen is set free, 
€.g., in the oxidation of sulphur dioxide to sulphur trioxide and of 
Stannous chloride to stannic chloride. 

3S03+0, =3S0, 
3SnCl, -- 6HCI 4-O , =3SnCl, +3H,O 


Ozone adds to unsaturated organic compounds, e.g. ethylene, 
benzene, etc., to form unstable addition compounds which are 
known as ozonides : 
/€H,—0 
H,C=CH,+0, —— O. 
*ethylens) ^cH,—o 
(ethylene ozonide) 
C,H, +30; = C;H,(05); 
(benzene ozonide) 
Ozone destroys rubber since it contains unsaturated organic 
compound. 


E 
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(2) Reducing property. Ozone reduces a few compounds such 
as barium peroxide, BaO,, hydrogen peroxide, H,O,, etc., but it has. 
no action on potassium permanganate or potassium dichromate. 

BaO, +0; — BaO 4-20, 
H,O,+0,=H,0+20, 
Ozone reduces silver oxide to silver and lead di-oxide to lead’ 
monoxide. 
Ag,.O+0,=2Ag+20, ; PbO,+0,=Pb0+20, 

In these reactions, ozone is not oxidised but it is also reduced.. 
Hence, these are not oxidation-reduction reactions. 

(3) Bleaching property. Ozone bleaches indigo solution and 
vegetable colours. It bleaches oils, waxes, flour, starch and ivory.. 
The bleaching property of the ozone depends on its oxidising ability. 

0,20,-4 (0] 
[O]-4- coloured substance = oxidised colourless substance 

Tests. Ozone is charact&Msed by the following tests : 

(i) It has a characteristic fishy smell. (ii) when a globule of 
mercury is shaken with ozone, mercury loses its lustre and spreads. 
asafilm on the walls of the flask ; (iii) it turns starch-iodide 
paper blue ; (iv) it turns filter paper soaked with alcoholic solutions. 
of tetramethyl base violet—the paper is unaffected by hydrogen 
peroxide ; (v) it turns filter paper soaked with alcoholic solution of 
benzidine brown—this paper remains unaffected by hydrogen 
peroxide ; (vi) ozone cannot decolourise acidulated potassium: 
permanganate solution. 

Absorbents. Ozone is readily absorbed by (i) oil of cinnamon 
and (ii oil of turpentine. 

Uses. (i) Ozone kills bacteria by oxidation and hence it is used 
to disinfect water and air. 


(ii) It is used as a bleaching agent. 


(iii) A fuel system of ozone and cyanogen C, N, gives a higher 
combustion temperature than any other rocket propellant system. 

(iv) It is used as an oxidizing agent—for oxidising many organic 
and inorganic compounds. 

Ozoneis an allotrope of oxygen. The following experiments 
serve to show that ozone contains only oxygen. Very pure and dry 
oxygen is taken in a sealed tube attached toa manometer. Oxygen 
is then subjected to silent electric discharge in the tube when à 
contraction of volume is observed. On heating the ozonised oxygen ^ 
so formed in the tube to 300°C, expansion to the original volume 
takes place. Hence, ozone is a form of oxygen. 


This conclusion is further confirmed as follows: Pure and dry 
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“oxygen is subjected to a silent electric discharge in a tube and a ~ 
piece of starch iodide paper is held into the gas when it turns blue, 
showing that ozone has been formed in the tube. Now the tube is 
heated to about 300°C and a piece of starch iodide paper is held 
into the gas. The paper is not turned blue, showing that ozone has 
been completely decomposed. Again, a few drops of alkaline 
pyrogallate solution are added into the tube. The tube is shaken 
well and inverted into water in a jar. Water rises up and completely 
fills the tube. Since only oxygen is absorbed by alkaline pyrogallate 
solution, oxygen is the only product in the decomposition of ozone. 
Hence, ozone contains atoms of oxygen only, and, therefore, is an 
aallotrope of oxygen. 


APPENDIX 


Comparative study of oxygen and ozone, 


Ozone 


Oxygen 


Colourless, odourless gas. Pale blue gas having fishy 


smell. 

Vapour density (H= 1) is 16. Vapour density (Hel) 
$ is 24. 

It is absorbed by alkaline It is soluble in oil, of 


pyrogallate, but insoluble in | turpentine. 
oil of turpentine, 
The dissociation of oxygen The decomposition of 


molecules into atoms is highly | ozone into oxygen is highly 
endothermic and requires a | exothermic. 
large quantity of heat. 

At ordinary temperature, oxy- 
gen has no action on mercury. 


Mercury in contact with 
ozone loses mobility and forms 
a thin film on the glass, 

Ozone acts as reducing 
agent towards certain 
substances, 


Oxygen cannot act as reducing 
agent. 


Oxygen cannot oxidise lead 
sulphide under ordinary condi- 
tions. 

Oxygen cannot liberate iodine 
from KI solution, 


Oxygen has no bleaching pro- 
perty. 


——————————————————————— 


Ozone oxidises lead sul- 
phide to lead sulphate, 


Ozone liberates iodine from 
KI solution. 

Ozone has bleaching pro- 
perty. 
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— 
Oxygen Ozone 
Ae AN ee aries S MBA NPPUN 
Oxygen does not form Ozone forms ozonide with 
addition compound with | unsaturated compounds. 
unsaturated organic compound. 
Oxygen has no action on Ozone destroys rubber 
rubber. since it contains unsaturated. 
compounds. 
Oxygen acts as oxidising Ozone is a more. active 
agent. ` | oxidising agent than diatomic 
oxygen since the decomposi- 
tion of ozone into oxygenis 
exothermic. 
EXERCISES 


1. Describe the laboratory method of preparing oxygen from 
potassium chlorate. Describe an experiment to show that MnO, functions 
asa catalyst in the preparation of oxygen from KCIO,. 


2. Suggest a laboratory method for preparing small amounts of oxygen 
from (a) lead nitrate, (b) conc. H,SO, and (c) sodium peroxide. 


3. Describe a method of preparing oxygen in the laboratory without 
the application of heat. 


4. Describe the effect of heat on the following substances : (a) mercuric 
oxide (b) red lead (c) lead nitrate (d) potassium permanganate and 
(e) potassium nitrate. 


5. Describe the:commercial preparation of oxygen and nitrogen by the 
liquefaction of air. 


Discuss the principles involved in the method. 
6. Discuss the important physical and chemical properties of oxygen. 


7. Discuss the phenomenon of combustion. Describe experiments to 
show combustion of the following substances : 
(a) sulphur, (b) charcoal, (c) phosphorus, (d) sodium, (e) magnesium 
and (f) iron. $ 
8. What is the'oxygen cycle? What are the uses of oxygen ? 


9. By whom was ozone discovered? How did it get its name? How 
is ozone prepared ? 


10. Describe how you would prepare pure ozone. 


11. Describe some important properties of ozone. Why is ozone a more 
active oxidizing agent than diatomic oxygen ? 


12. Whatisan ozoniser? Describe Siemen's ozoniser for preparing 
ozonised oxygen. What are the uses of ozone ? 


13. How is ozone formed in the atmosphere? State some properties. 
of ozone in which it acts as (a) oxidizing agent and (b) reducing agent. 


14. How would you prove that ozone is an allotrope of oxygen ? 
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..15.. What do you mean by diffusion of gases? State Graham's law of 
diffusion and show how this law can be applied to determine the mole- 
cular formula of ozone. 


16. Explain what happens when : 
(i) ozone is passed through potassium iodide solution. 
(ii) lead nitrate is heated strongly. 


(iii) conc. sulphurit acid is added drop by drop on red-hot pumice 
stone. 


(iv) water is added drop by drop on sodium peroxide. 
(v) ozone is passed through hydriodic acid. 


(vi) ezonised oxygen is passed through a solution of hydrogen 
peroxide. 


(vii) ozone is led into a solution of stannous chloride acidified with 
hydrochloric acid. 


(vili) hydrogen peroxide solution is added to a solution of potassium 
permanganate in dilute sulphuric acid. 


17. Explain the following statements : 
(a) Ozone is more active oxidising agent than oxygen. 
(b) Silent electric discharge is necessary for the formation of ozone. 


(c) Ozone has bleaching ability but oxygen is unable to bleach 
substances. 


(d) Ozone is unstable but oxygen is stable. 


" 18. How would you separate oxygen from a mixture of oxygen and 
eronc, and oxygen from a mixture of oxygen and hydrogen. 


19, Compare the properties of oxygen and ozone. 


20. Prove that oxygen and ozone are primarily the same element. 
[H. S., '80.) 


21. Prove experimentally that ozone is a more powerful oxidising 
agent than oxygen. 


CHAPTER III 
WATER AND HYDROGEN PEROXIDE 


Hydrogen forms two oxides : (i) Water, H,O and (ii) hydrogen 
peroxide, H,O,. Water is one of the most important chemical 
substances. 


Water 


The'ancient chemists regarded water to be one of their four elements, 
namely, fire, air, water and earth. It was hence a revolutionary 
discovery when in 1781, H. C. Cavendish showed that water is obtained 
by exploding a mixture of “one volume of oxygen and two volumes of 
inflammable air ( hydrogen)”. Lavoisier repeated the Cavendish's 
experiments and proved conclusively. that water is not an element but ^ 
a compound of hydrogen and oxygen. 


Water is the most abundant substance on earth. The total amount 
of water on earth is estimated to be 2x10** tons. It occurs in nature in 
three states : 


(i) in solid state — Water lies:in immense quantities as snow and ice on 
the peaks of high mountains and in the polar regions. Water is contained 
in plant, and animal structures and in many minerals. It comprises about 
65% of the human body. Fruitsand vegetables may contain as much as 
94% of water. It occurs as ‘‘water of crystallization" in many rocks and 
minerals such as gypsum, CaSO,.2H,O. 


(ii) in the liquid state—Liquid water is concentrated in oceans, rivers 
and lakes. Oceans,rivers and lakes cover three fourths of the earth's 
surface, Water is presen&not only on the surface of the earth, but also in 
its depth, forming the source of springs and fountains. 


(iii) in the gaseous state—It occurs in the atmosphere as water vapour ; 
as much as 50,000 tonsjof water vapour can be present in the air over one 
square mile of the earth’s surface. 

Natural waters. Water is abundantly distributed in nature. 
Natural water is never pure and always contains many impurities, 
Some of these impurities are in suspension, others in solution. The 
nature and amounts of impurities present vary with the source of 
water. Hence, natural waters are divided, according to the sources 
from which they are obtained, into the following classes. 


(i) Rain water. The water vapour present in the atmosphere 
condenses on cooling as rain, hail or snow. Rain water is the 
purest form of natural water, but even it contains various gaseous — 
impurities such as oxygen, carbon dioxide, nitrogen and solid 
impurities such as ammonium nitrate, which is formed during 
thunderstorms. They entrap these impurities from air when they 
fall. Rain water when collected near the sea in high winds contains 
sodium chloride and if collected near towns, contains sulphur 
dioxide and sulphuric acid formed by the burning of coal containing 
iron pyrites. They also contain insoluble matter such as particles of 
dust, pollen grains and bacteria. 
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(ii) Spring and Mineral water. Falling on the earth, rain water 
percolates through the porous strata of the soil. In its journey 
underground, the percolating water loses suspended impurities owing 
to filtration through porous strata and organic matters owing to 
oxidation by soil bacteria but dissolves various soluble substances 
such as compounds of calcium, magnesium and sodium. Sooner or 
later water which has percolated underground will be forced to the 
Surface as spring water. Since the spring water is free from 
suspended and organic impurities, it is often suitable as drinking 
water. 

When the spring water contains an unusual amount of some 
particular mineral constituent which gives it a marked taste or some 
Specific properties such as medicinal properties, it is known as 
mineral water. Mineral waters are of various types. (i) Chalybeate 
waters contain ferrous bicarbonate to which medicinal properties 
are attributed. (ii) Sulphur waters or Hepatic waters contain 
hydrogen sulphide, alkaline sulphide and other sulphur compounds. 
(iii) Saline waters or Bitter waters contain the various salts such as 
sulphate and chloride of magnesium and sodium, which give the 
water a bitter taste. This water is used as aperient. (iv) Jodine 
waters contain iodine compounds. (v) Acidulous waters contain 
carbon dioxide in the dissolved state. (vi) Alkaline waters contain 
sodium bicarbonates and lithium bicarbonates. This water is used 
in the treatment of gout. (vii) The waters of some springs (hot 
springs) issue at an elevated temperature, These waters are known 
as thermal waters and contain traces of radium emanation to which 
a special medicinal value is attributed. 

(ii) River water. Rain water drains partly into streams and 
rivers. Hence, river water contains not only the inorganic impurities 
such as chlorides, sulphates, carbonates and bicarbonates of sodium, 
potassium, calcium, magnesium and iron dissolved out from the soil 
and rocks, but also organic matter derived from plants growing on 
the sides and bottom of the river. The soluble bicarbonates of 
calcium and magnesium are formed by the action of dissolved 
carbon dioxide on insoluble carbonates of calcium and magnesium 
when the river flows through the rocks containing calcium and 
magnesium carbonate ; e.g., 

CaCO, --H,O -CO, = Ca(HCO,), 
(calcium bicarbonate) 
MgCO; 4-H4,04-CO, — Mg (HCO.), 
(magnesium bicarbonate) 
River water also contains colloidal solids held in suspension which 
are precipitated by mineral salts where the river flows into the sea, 
giving rise some times to the formation of deltas. 


(iv) Sea water. Rivers flow into the sea carrying their dissolyed 
impurities and suspended matter which have not been deposited in 
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transit. Hence, sea water contains largest amount of dissolved 
impurities—about 3:67; of solids in solution of which 2:675 is the 
common salt. The ratio of sodium to potassium in sea water is 
high because the soil preferentially retains potassium salts. An 
average type of sea water has the composition as : 96'5% of water, 
2:7% of sodium salts ; 0:079/, of potassium salts ; 0°14% of calcium 
salts ; 0:59% of magnesium salts ; 0:012% of nitrogen ; 0°006% of 
oxygen and 0:0179, of carbon dioxide. 

The vapour which rises from the sea by evaporation is almost 
pure water, hence sea water must be gradually becoming more and 
more salty ; the more the evaporation, the more is the proportion 
of salts in solution. Thus, the mediterranean sea with high eva- 
poration contains 3'9% of the salts ; the Black sea and the Baltic 


sea with less evaporation contains 1'8% and 0°5% of the salts 
respectively. 


Soft and Hard water, Waters which contain dissolved impurities: 


m be classed as soft or hard depending upon the action of soap on 
em. 


. (a) Soft water. Water which produces lather easily with soap 
is called soft water. Soft waters are comparatively free from 
mineral salts, Rain water is a soft water which contains very little 
dissolved salts. 


. (b) Hard water. Water which produces lather only with 
difficulty is known as hard water. The hardness of water is due to: 
presence of a large quantity of calcium, magnesium and iron salts. 
(generally salts of any metal other than an akali metal) which react 
with the soap and form an insoluble precipitate. Hard water forms 
a large amount of scale on the walls of boilers ; it is very difficult 
to soften meat and vegetables by boiling them in hard water: 

Soaps are the sodium and potassium salts of certain fatty acids. 
Typical soap contains sodium palmitate, C,,H.,,COONa, sodium 
stearate, C,,H,,COONa, and-sodium oleate, C,,H.;COONa. 
‘When a soap containing sodium palmitate is treated with water, 
sodium palmitate goes into solution and reacts with calcium, 
magnesium and iron salts present.in hard water as follows : 

2C, ,H,,COONa-- Ca(HCO,), = (C; ;H ;, C00), Ca 4- 2NaHCO , 
(Sodium palmitate or (Calcium palmitate or 

sodium soap) calcium soap) 

Sodium palmitate is quite soluble in water but the palmitates of 
calcium, magnesium and iron are very insoluble in water and are, 
therefore, obtained in the form of a precipitate. Hard water will, 
therefore, form a lather when all the calcium, magnesium and iron 
present in it are removed as precipitates. The scum which is noticed 
when soap is used with hard water is the precipitates of calcium, 
magnesium and iron soaps. 
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There are two types of hardness —(i) temporary hardness and’ 
(ii) permanent hardness. f 


Temporary hardness. Hardness which is due to the presence of 
bicarbonates of calcium, magnesium and iron in water is called 
temporary hardness. Temporary hardness can be removed by easy 
means such as boiling. The process of removing calcium, 
magnesium and iron salts from hard water is called the softening-of 
water. 


Softening temporary hardness of water. (a) By boiling, When 
the water containing the soluble calcium, magnesium or iron bi- 
carbonates is boiled, carbon dioxide is evolved and the precipitates. 
of calcium, magnesium and iron carbonates are obtained : 

Ca(HCO;), =CaCO,-+H,0+CO, 

Mg(HCO,), =MgCO,+H,0+CO, 

Fe(HCO;), =FeCO, +H,0+C0, 
Since the ferrous carbonate is readily oxidised! by 'atmospherig: 
oxygen, a precipitate of ferric hydroxide is obtained : 

4FeCO, +6H,0+0, =4Fe(OH), +4C0, 

Since magnesium carbonate is appreciably soluble? in? water, 
magnesium cannot be completely removed by boiling. - Again, 


this method is too expensive for softening temporary hard water on 
a large scale. 


(iii) Clark's process, This process depends upon the.-fact. that 
the slaked lime, Ca(OH), reacts with calcium bicarbonate and 
magnesium bicarbonate present in water to form normal calcium: 
carbonate and magnesium carbonate which are precipitated. 


Ca(HCO,), -- Ca(OH), =2CaCO, +2H,O0 
Mg(HCO), + Ca(OH), =MgCO,+CaCO,+2H,0 

The appreciably soluble magnesium carbonate which is formed, 

then reacts with more lime to form insoluble magnesium hydroxide. 
MgCO, + Ca(OH);  Mg(OH), -- CaCO, 

Hence, if magnesium bicarbonate is present, double the amount 
of lime must be added in order to precipitate magnesium hydroxide. 
Calculated amount of slaked lime is to be added because if too much 
slaked lime is added, free Ca** ions enter into the water by solution: 
of lime and the water again becomes hard. 


Water to be softened is run in a large settling tank and mixed 
with a calculated* quantity of clear lime water and the precipitates. 


* 1 litre of saturated clear solution of slaked lime contains 1'3 grams 
of Ca(OH),. 600 c.c. of this solution are required for each French degree of 
parue, hardness per 100 litres of water. 1 French degree=0°7 English. 

egree. 
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formed are allowed to settle down at the bottom of the tank. On 
separation the carbonates carry down with them the greater part of 
the suspended and dissolved organic matter and, therefore, a little 
more than the calculated quantity of lime water is always added. 
Since water thus treated settles with difficulty, it is convenient to 
filter it by means of beds of sands and gravel in order to obtain a 
perfectly clear water. 


(ii) Permanent hardness. The hardness which is caused by the 
presence of the chlorides and sulphates of calcium, magnesium or 
iron in solution in water, is called permanent hardness. They are 
«called permanent hard water because such water cannot be 
softened by easy means such as boiling but can be softened only 
by chemical methods, These waters may, in addition, possess 
temporary hardness. 


Softening permanent hardness of water. (a) Lime-soda process. 
The temporary hardness, if present, is removed by boiling or by 
Clark’s process. Permanent hardness can be removed by the 
-addition of sodium carbonate to water. Sodium carbonate reacts 
with the chlorides and sulphates of calcium, magnesium or iron to 
form the insoluble calcium, magnesium or ferrous carbonate : 


CaSO, -+Na CO, =CaCO,+Na,SO, 
MgCl, +Na,CO, 2 MgCO; --2NaCl 
CaCl, +Na,CO,=CaCO, +2NaCl 
Both temporary and permanent hardness can be removed 
simultaneously by adding calculated quantity of lime and soda to 
the water; a little caustic soda is some times also added. If 
magnesium chloride is present, it reacts with lime to form insoluble 
magnesium hydroxide : 
MgCl, + Ca(OH), = Mg(OH), + CaCl, 
The calcium chloride thus formed then reacts with sodium 
carbonate to form insoluble calcium carbonate : 
CaCl, + NaCO, 2 CaCO; 4-2NaCl 
Sodium hydroxide reacts with calcium bicarbonates as follows : 
Ca(HCO,), --2NaOH =CaCO, 4- Na4CO  -2H ,0 


The precipitates which are obtained are usually finely divided 
cand settle only with difficulty. For this reason, a small amount of 
aluminium sulphate, alum or ferric sulphate is often added as a 
coagulant. This reacts with lime to form flocculent, gelatinous 
‘precipitates of hydroxides : 


Fe,(SO,)3 +3Ca(OH). = 2Fe(OH); +3CaSO, 
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These precipitates then carry down the finely divided preci- 
pitates obtained after treating water with lime and soda to the 
bottom of the tank. These precipitates are then separated by filtering 
through beds of sand or a filter press. 


Waters softened by soda-lime process are used in boilers and' 
laundries. 


(ii) Cation-exchange, permutit or zeolite method. The most 
important method of softening water which bas found wide appli- 
cation in industry is by ionic exchange. The active chemical agent 
in these exchanges is usually a granular, synthetic sodium alumino- 
silicate Na, Al,Si,O,, nH O. Such aluminosilicates are known as 
zeolites. Zeolites may be either naturally occurring or synthetic— 
the synthetic zeolite which is produced by fusing quartz, alumina 
and sodium carbonate is known as permutit. When hard water is 
passed through a bed of zeolites, calcium, magnesium or iron ions 
present in water are exchanged by the zeolite for the sodium ions. * 
If the formula of zeolite is taken as Na,Z where Z stands for the 
zeolite radical; then the reactions which take place can be 
represented by the following equations : 


Ca(HCO;)s --Na5Z = CaZ +2NaHCO, 
CaSO, +Na,Z = CaZ +Na,SO, 
MgSO, +Na,Z = MgZ+Na,SO, 
Mg(HCO,),+Na.Z = MgZ--2NaHCO; 


Both sodium and calcium, magnesium or iron zeolites are 
insoluble in water and hence are retained in the bed. 


When all the sodium in the zeolite is replaced by calcium, 
Magnesium or iron, the zeolite loses its ability to soften water. But 
it can be easily regenerated by passing a strong sodium chloride 
solution through the bed. This causes the reverse reaction to take 
place ; the calcium ions being replaced by sodium ions and the 
original sodium zeolites are formed : 


CaZ+2NaGl = CaCl, + Na,Z 
MgZ 4-2NaCIl = MgCl, +Na.Z 


The Ca**, Mg** and Fett ions are removed as the soluble 
chlorides and, therefore, the same bed of sodium zeolite can be used 
over and over again. In this method, only sodium chloride is 
consumed ; and both the temporary and permanent hardness can be 
removed simultaneously. 


Procedure, The apparatus consists of a tank which contains a 
bed of zeolite between two beds of gravel (fig. 3.1). Hard water 
enters from the inlet at the top and percolates through the beds of 
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gravel and zeolite. The softened water comes out through the 
outlet at the bottom. When a specified quantity of hard water has 
been softened, the inlet is 
Sodium closed and a strong solution 
chloride of sodium chloride is 
solution allowed to percolate through 
the beds from a reservoir 
at the top of the tank ; the 
bed is thus regenerated and 
again used for softening 
hard water. 
pagony (ii) Calgon process. 
This method of softening 
water which is used ona 
small scale depends upon 
-the fact that when sodium 
hexametaphosphate which 
NN is commercially known as 
soft water calgon is added to hard 
Fig. 3.1 : Softening of hard water water, it ties up calcium, 
by zeolite process, magnesium or iron present 
in hard water and prevents their precipitation while the water is 
being used. Calcium, magnesium or iron salts combine with sodium 
"rris Es displacing sodium and forming a stable complex 
ts 
Na,[Na,(PO,);.]4- CaSO, =Nag[Na.Ca(PO;),]-+Na280, 
The complex salt is so stable that calcium cannot be precipitated as 
boiler scale or as insoluble calcium soap when water is boiled or 
treated with soap. On the other hand, if a scale is already formed 
in a boiler, then’ it is gradually redissolved. Calgon is used in 
laundries for softening water. 


Estimation of hardness, The hardness of water is expressed in 
degrees. Each degree of hardness represents the hardness produced 
-by one part of calcium carbonate (or its equivalent) in 100,000 parts 
of watere (1 milligram per litre of water is identical with 1 part in 
million (1000,000) parts of water). A degree of hardness is some 
times defined as ! grain of calcium carbonate or its equivalent per 
:gallon of water. 1 grain per gallon is equal to 17:1 parts per 
million (ppm). 


_ 
»1 part of CaCO, or its equivalent is present in 1000000 parts of water. 
s. lgram of CaCO, or its equivalent is present in 1000,000 c.c. of 

water, ['« density of water=1 J 

1 mg of CaCO, or its equivalent is present in 1000 c.c. or 1 litre of 


water. - 
s. 1 ppmzi mg of CaCO; or its equivalent perlitre of water. 
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Hence, water whose hardness is 1 ppm (1 part in 1000,000 parts 
of water) contains 1 milligram of CaCO, or its equivalent per litre. 
Since 1° hardness of water is produced by one part of CaCO, or 
its equivalent in 100,000 parts of water, 1° is equal to 10 ppm. 
Hence, water whose hardness is 1° or 10 ppm contains 10 milligram 
of CaCO, or its equivalent per litre. 


A water less than 10° hardness (or 100 ppm ) may be called soft ; 
a water between 18° and 20° hardness is “moderately hard"; a 
water between 20° to 30° hardness is “hard” and a water over 30° 
hardness is *very hard”. Domestic water with hardness less than 
100 ppm (or 10°) is good and that with hardness between 100 ppm 
and 200 ppm (or 20’) is fair, 


In order to estimate the degree of hardness of water, the hard 
water is titrated with a standard soap solution until the lather 
produced by shaking the mixture vigorously, lasts for five minutes, 
A soap solution (obtained by dissolying soap in methylated spirit) is 
standardised by titration against water which contains a known 
concentration of calcium chloride. 


Purification of water, (a) For laboratory use, Water for 
laboratory use must be entirely devoid of impurities, Such very 
pure water can be obtained from natural water by distillation and 
by anion and cation exchange, 


By anion and cation exchange, A technique for getting very 
pure or de-ionised water is ion-exchange. The most commonly 
used material in this process are the ion-exchange resins, There are 
two types of ion-exchange resins : (i) cation-exchange resins which 
may be formulated as ReSO,H. These resins are capable of 
exchanging their hydrogen ions for metal ions. (ii) anion-exchange 
resins which may be formulated as RcNH,. These resins are 
capable of binding the negative ions or anions, 


The water is first freed from bacterial matter by treatment with 
chlorine, This water is passed through tank A containing cation- 
exchange resin column, when cation impurities present in water are 
exchanged for hydrogen ions in the resins. This exchange reaction 
can be represented by the following equations : 

2ReSO,,H+C a(HCO:), = (ReSO;),Ca -2H4,CO, 
2ReSO,H+CaSO, = (ReSO,),.Ca+H,SO, 
ReSO,H +NaCl = ReSO,Na +HCl 

As a result of these reactions, cations are trapped on the resins 
and any solution containing salts such as Ca(HCO;),, CaSO,, 
NaCl, etc., is converted into a solution of the corresponding acids 
(H,CO,, H,SO,, HCl, etc.). 
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To remove these acids water is now passed through tank B- 
containing anion-exchange resins ; the acids are then bound as a 
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Fig. 3.2 


result of the formation of insoluble salts. The reactions which 
take place can be represented by the following equations : 
ReNH,+HCl =[ReNH,jCl 
2ReNH.+H.,SO, =[ReNH,],SO, 

The water which passes out of the tank B contains practically 
no ions and is known as deionised water. It may be used in the 
laboratory and in industrial processes in place of distilled water. 

The cation-exchange resin which is left in tank A after use can 
be regenerated by passing moderately strong sulphuric acid through 
the bed : 

(ReSO,),Ca+H,SO, =2ReSO;H+CaSO, 
2ReSO,,Na+H,SO, =2ReSO,H-+Na,.SO, 

The used vp anion-exchange resin in tank B can be regenerated 
by use of a moderately concentrated solution of sodium hydroxide : 

[ReNH, ]Cl+NaOH=ReNH, +NaCl+H,O 

[ReNH,], SO, -2NaOH — 2ReNH, + Na,SO,-+2H,0 

(b) For drinking purposes. Potable water, that is water: which 
isfitforhuman consumption, is obtained principally from rivers, 
lakes and wells. These waters contain dissolved air, carbon di- 
oxide and other gases, mineral matters, suspended colloidal 
particles of soil, suspended solid particles of sand and clay, organic 
matter and bacteria. The mineral matters present in water are 
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not injurious to health but are beneficial ; hence water for drink- 
ing purposes need not be softend. Drinking water must be free 
from harmful bacteria, organic matters and suspended impurities. 
Natural water containing nitrates in solution should be regarded . 
as unsuitable as the nitrates originate from decaying animal matters 
orsewage. Again, drinking water should not be very soft because 
very soft water in presence of oxygen and carbon dioxide reacts 
with lead (from lead pipe) forming «lightly soluble lead hydroxide, 
Pb(OH),, which is a cumulative poison. 

Water from rivers is first piped into large settling basins where 
suspended coarse particles are allowed to settle, but finely divided 
particles show little inclination to settle. Water is now allowed 
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Fig. 3.3: Purification of water for town supply, 
to enter into a mixing tank where it is mixed with lime and 
- aluminium sulphate or ferrous sulphate or other chemicals, This 
causes the formation of a heavy gelatinous precipitate of alumi- 
nium hydroxide that carries these finely divided suspended 
particles down with it as it settles in the next settling tank (B). 
3Ca(OH), 4- A1,(SO,), =3CaSO, --2AI(OH); 

The clarified water is then filtered through beds of sand, gravel 
and some times charcoal. The filtered water still contains some 
bacteria and is passed intoa tank where it is subjected to the 
process of disinfection, Water is disinfected by any of the following 
processes, 

(i) by chlorination, Bacterial matter is removed by injecting 
controlled amounts of chlorine into the water. Chlorine reacts 
with water according to the equation 

2Cl, +2H,O =4HCl+0, 
Oxygen which is evolyed oxidises (and kills) any micro-organisms 
present in water. Some times bleaching powder is added instead 
of chlorine. 

In the chloramine process, a mixture of chlorine and ammonia 
which is more effective than chlorine alone, is added to water ; 
this improves greatly the taste of water. 

(ii) by ozonised air. Water can be disinfected by bubbling 


I.Ch.-4 
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ozonised air through the filtered water. An ozone molecule decom- 

s readily into à molecule ofoxygen and an atom of oxygen 
which oxidises (and kills) the bacteria. After ozone treatment, 
water is exposed to air to render it palatable. 

(iij) by ultra violet rays. Water is subjected to the exposure 
to ultra violet lights obtained from mercury vapour lamp enclosed 
ina quartz container, when the bacterial matters present in water 
are killed. This process does not affect in any way the palatibility 


of water. 
Of all these processes, chlorination is the process which is most 


commonly used. 

Disinfected water is now pumped up to the reservoir and is 
ready for distribution for human consumption. 

Water for domestic use. When typhoid and cholera break 
out, water on à small scale for domestic purpose should be 
purified by boiling in order to destroy the bacteria. The boiled 
water is then treated with a littl: alum to coagulate the suspended 
particles. It is then filtered through sand and charcoal bed con- 
tained in perforated earthenware pots. 

Properties of water. (1) Physical properties. (i) At ordinary 
temperature, pure water is a transparent liquid with no taste 
and odour. In thin layers, it is colourless but in thick 
layers it has a bluish-green colour, Water has the simplest 
formula H,O ; but in the liquid state water is associated, and is 
represented by the general formula, (H,O),, where n=2, 3, 4, 5, 
etc. Association is a phenomenon by which the simple molecules 
combine into more complex ones without changing the chemical 
nature of the substance. This can be expressed by the following 
equation. 

nHO = (H20)» 

ii) The density of water increases on cooling ; it has the 
highest density at 44°C. Above and below this temperature, 
water expands and its density decreases. 


Many physical constants and units are defined with the help of 
physical properties of water. "At standard pressure (1 atm), the 
freezing point of water is taken as 0°C and the boiling point of 
water at 1 atm 1s taken as 100°C, In the metric system, the unit 
of volume 1s chosen in such a way that 1 ml. of water weighs 1 

ram at +4°C. Ice at 0°C has a density. of 0:917 gram|ml. Hence 
ice is lighter than water and floats on liquid water. This fact is of 

eat importance to natural life since in cold region ice formed in 
water reservoirs remain on the surface-of the water and protects 
the deeper layers of water from further cooling. If this were nots 
the whole body of water would -be converted into a-solid 
. e. which the warmth of the summer would not be sufficient 
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to melt. The expansion of water on freezing is an unusual 
phenomenon, since almost all other substances contract upon 
changing from the liquid state to the solid state and the density of 
the solid is greater than that of the liquid. 


(ii) Pure water isa very poor conductor of electricity. This 
is due to the fact that it ionises very slightly into hydrogen ion and 
the hydroxyl ion. 

H,O = H*--OH- 
Addition of small quantity of an Electrolyte increases the electrical 
conductivity of water, 


Water has a higher specific heat than any other substance 
(solid or liquid), i.e., a greater amount of heat is required to raise 
the temperature of water an equal number of degrees than for the 
same weight of any other solid or liquid. For this reason, large 
bodies of water such as lakes and oceans, change in temperature 
more slowly than the soils and rocks that constitute the land, 


The heat of vaporisation of liquid water and the heat of fusion 
of ice are higher than those of most other liquids. Such abnormal 
high values are due to the high degree of association. 

(2) Chemical properties, Chemically, water is a very reactive 
substance. The manifestations of the chemical properties of water 
are discussed below. 

G) Thermal stability. The molecules K | reacts 
of water have high stability to heat, Ca’ | With water 
since water is an exothermic compound. Na temperát 
However, at 1000°C and 1 atm. pressure Topps pig 


water vapour begins to dissociate per- Mg 
ceptibly into hydrogen : and oxygen, and Allied resale vitis 
at 2000°C it is only dissociated to about Zn steam 
I'8 per cent Fe 

2H;0 = 2H, -O, —137 kcal Pb 
Since this reaction goes on with the H 
absorption of heat, the dissociation in-  ——— 
creases as the temperature is increased. Cu Aca neice 
Due to this slight dissociation at elevated Hg with MANE ^i 
temperature, water is able to react with pE nor with 
various relatively inactive substances A steam 
to form their oxides and to evolve | ^" 
hydrogen. Fig. 3.4 


(ii) Reaction with metals. Many metals which 
the electrochemical series than hydrogen, react wi 
suitable temperature - : } 
abi 2Na+-2H,0=2NaOH +H, ©, 

Ba+2H,0=Ba(OH), +H, . 


are higher in 
th water ata 
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Water reacts with oxides of metals to form metallic hydroxides. 
Na,O+H,0=2Na0H 
Ca0+ H, 02 Ca(OH)s 
(iii) Reaction with non-metals. Water reacts with many non- 
metals. For example, carbon at white heat reacts with steam 


forming water gas. 
+H,O0=CO+H, 


Similarly, silicon reacts with water forming silicon dioxide and’ 
hydrogen. 
Si+2H,0=Si0,+2H, 

When chlorine is passed into water, a green solution is obtained,. 
which on standing reacts forming hydrochloric and hypochlorous 
acids. 

Cl,-+H,O=HCI+HOCI 
In direct sunlight hypochlorous acid, HOCI, breaks up with the- 
formation of oxygen. 

2HOCI - 2HCI4- O5 

Fluorine reacts with water forming hydrofluoric acid and 

oxygen; hypofluorous acid is obtained in no stage. 
2F, +2H,O=4HF+0, 
Oxides of many non-metals react with water to form the acids. 
SO,+H,O=H,SO, ; SO,--H,O =H,SO, 
CO, +H,0=H,CO; ; P,0;--3H,0 —-2H;PO, 

(iv) Reaction with compounds, Reactions involving water and 
compounds are numerous. Among these is the hydrolysis reaction, 
thatis, the decomposition of a compound by water. Some ofthe 
examples of hydrolysis reactions are given below. 

PCl,--3H,0-H,PO, 4-3HCI 
CaH ; 4-2H,0 » Ca(OH), +2H, 
A similar reaction occurs with substances such as sulphuryl 


chloride. 
SO,Cl,+2H,0=SO,(OH). +2HCl 


(sulphuric acid) 
Bismuth trichloride, BiCl,, undergoes hydrolysis in aqueous solution: 
to form bismuth oxychloride. 
BiCl, +H,O =BiOCl+2HCl 

Metallic hydrides react with water to form hydrogen and the 
hydroxides of the metals. 

NaH-FH40 =NaOH+ Hg ; CaH, --2H50 — Ca(OH); -2H S 

Cacium carbide reacts with water to form calcium hydroxide 


and acetylene. 
CaC, -2H,0 = Ca(OH); TC;,Hz 
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Magnesium nitride reacts with water to form magnesium 
hydroxide and ammonia, 


Mg,N,+6H,O =3Mg(OH), +2NH, 

‘Calcium cyanamide reacts with water to form calcium carbonate 
and ammonia. 

CaCN, +3H,O=CaCO,+2NH, 

(V) Formation of addition compounds with water. Water 
combines with a number of substances to form addition compounds 
known as hydrates, In these reactions, the properties of neither 
Water nor the other reacting compounds are materially affected, 

CuSO,--5H,O = CuSO,, 5H,O 
(white) (blue) 
CoCl, +6H,O = CoCl,, 6H,O 
(blue) (red) 


Na,CO,+10H,O = Na,CO;, 10H,O 
That a reaction has Occurred is clearly proved (i) by change in 
colour ; (ii) by the change in crystalline structure which accom- 
panies many of the reactions and (ii) by the definite composition 
of the compounds formed. 


. (wi) Water as a catalyst, Many reactions do not take place 
1n absence of water but proceed readily, even violently if a trace 
of Water is present. Thus, sodium can be melted in dry chlorine 
without any reaction taking place, but moist chlorine reacts 
vigorously with sodium in the cold. Dry sulphur may be vaporised 
in dry oxygen without any reaction ; perfectly dry hydrogen 
chloride does not react with absolutely dry ammonia ; carbon 
monoxide does not burn in dry oxygen } hydrogen and chlorine do 
not explode when perfectly dry and silver can be melted in a dry 
mixture of hydrogen and oxygen without an explosion taking 
Place, In presence of a trace of moisture, these reactions proceed 
Violently. The decay of organic matter which is essentially an 
Oxidation. process takes place only. when the material is wet. In 
all these reactions, water is considered to act as a catalyst whose 
presence is necessary for the reactions to occur. 


Water as a solvent. Water is an excellent solvent. Metallic 
Salts readily dissolve in water to give solutions which are 
good electrolytic conductors, Water is a good ionising solvent for 
acids and bases. The solvent properties of water is of great 
importance in the complex processes of vegetable and animal life, 
Thus, fertility of soil is increased by water and water is the 
medium by which much of the food is transported to plants and to 
the various points of use within the bodies of the animals, Water 
is also the medium by which most of the waste matters are 
eliminated from the body. 


‘54 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


Tests of water. (i) A minute quantity of water can be detected’ 
by the blue colour it forms with white anhydrous copper sulphate. 


(ii) When a lump of freshly burnt quick lime is added to 
water, it crumbles to powders with hissing sound and evolving 
much heat. 


Ca04+H,0=Ca(OH), 


Hydrogen Peroxide 


Hydrogen peroxide was discovered by L.J. Thenard in 1818. The 
discovery was made while investigating the action of dilute acids om 
barium peroxides. He called it the oxygenated water, since he showed 
that its formula corresponded to H,O,. 


. Hydrogen peroxide occurs only in traces in the free state. It is formed 
in the atmosphere in small quantities by powerful electrical discharge or 
by heavy snowfalls. It occurs in traces in plants. Itis also produced on 
burning hydrogen in air, when hydrogen flame impinges on ice, and during 
the slow combustion of ether. 

Preparation. Oxygen does not directly add to water, H,O, to- 
form hydrogen peroxide, H,O,, but it adds directly to many active 
metal oxides to form peroxides. 


2BaO +40,= 2Ba0, 


(barium oxide) (barium peroxide) 
2Na,0 +0,= 2Na,0, 
(sodium oxide) (sodium peroxide) 


Hydrogen peroxide can be prepared by treating these peroxides: 
with acids. The temperature should be kept low to prevent the 
decomposition of hydrogen péroxide. 


(a) From barium peroxide. (i) Laboratory preparation, Hydro- 
gen peroxide is prepared in the laboratory by the action of dilute 
sulphuric acid on barium peroxide. 


BaO, -+H,SO, =BaS0, +H,0, 


Barium sulphate being insoluble in water, can be removed by 
filtration. Anhydrous barium peroxide does not react readily with 
sulphuric acid, because an insoluble coating of barium sulphate is. 
formed on the surface of each particle. Consequently, hydrated 
barium peroxide (BaO,, 8H ,O) is used. 

A thin paste. of hydrated barium peroxide is made by treating. 
finely powdered barium peroxide with water and it is gradually 
added to an ice-cold solution of dilute sulphuric acid (1 volume of” 
acid to 5 volumes of water) in a beaker. The mixture is stirred’ 
vigorously by means of a glass rod. When the mixture is just 
acidic, the precipitate of barium sulphate formed is allowed to 
settle at the bottom of the beaker, and then filtered off. The 
filtrate which contains excess H,SO, is neutralised by adding 
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a little barium hydroxide and is filtered again. The filtrate 
is an aqueous solution of 10 to 20% hydrogen peroxide, The 
solution is usually stabilised by adding some preservative such as 
glycerol. The precipitate of barium sulphate is a valuable 
by-product used as a pigment known as blanc fixe. 

N. B. (i) In the preparation of hydrogen peroxide, conc. H,SO, is not 
used because much heatis evolved by the action of conc. H,SO, on 
barium peroxide. This heat decomposes the hydrogen peroxide formed. 
For this reason, ice-cold solution of dilute sulphuric acid is used in the 
preparation of hydrogen peroxide. 


(ii) Anhydrous barium peroxide is not used in the preparation of 
hydrogen peroxide because heat evolved by the reaction of anhydrous 
barium peroxide and the acid decomposes the hydrogen peroxide formed 
into water and oxygen. Again, within a very short time after the reaction 
has started, an isoluble coating of barium sulphate is formed on each 
particle of anhydrous barium peroxide. This coating prevents barium 
peroxide from coming in contact with sulpuric acid, As a result, the 
reaction ceases. 


dii! After the reaction is complete, the solution must be acidic because 
in presence of excess barium peroxide hydrogen peroxide formed begins to 
decompose. Again. the acid increases the stability of hydrogen peroxide 
solution, ic, it acts asa negative catalyst in the decomposition of 
hydrogen peroxide. 


(iv) Dil HCl in notused in the preparation of hydrogen peroxide 
because barium chloride formed by the action of hydrochloric acid on 
barium peroxide is soluble in water and is difficult to remove from the 
solution of hydrogen peroxide. 


tv) A thin paste of hydrated barium peroxide is first made by treating 
finely ground barium peroxide with water because anhydrous barium 
peroxide does not readily react with dil. H,SO, owing to the formation 
ofinsoluble coating of barium sulphate on the particles of anhydrous 
barium peroxide. 


(ii) Phosphoric acid also reacts with barium peroxide to form 

hydrogen peroxide and barium phosphate. 
3BaO, +2H ,PO, = Ba,(PO,), --3H,0, 

The barium phosphate formed being insoluble in water, can be 
separated by filtration. The use of phosphoric acid is preferred 
in the sense that a trace of it helps to stabilise the hydrogen per- 
oxide formed. 

A paste of barium peroxide is added slowly to a cold solution 
of phosphoric acid in a beaker, The mixture is stirred well and 
the precipitated barium phosphate is filtered off. The clear fil. 
trate is an aqueous solution of hydrogen peroxide. 


(iii) Even carbonic acid (carbon dioxide dissolved in water) 
is sufficiently strong to form hydrogen peroxide from barium 
peroxide, 

CO,+H,O =H,CO, 1 
BaO, - H5CO, =BaCO,+H,0O, 
Ba0,--CO; --H50-— BaCO; --H,O, 
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The barium carbonate formed is insoluble in water and hence 
can be separated by filtration. This method works well with 
anhydrous barium peroxide. ^ 


A stream of pure carbon dioxide is passed through an ice-cold 
suspensi. n of finely powdered barium peroxide in water, when a 
precipitate of insoluble barium carbonate and an aqueous solution 
of hydrogen peroxide are obtained. The precipitate is filtered off, 
leaving an aqueous solution of hydrogen peroxide. 


(b) From sodium peroxide (i) Merck's process. A 30% 
solution of hydrogen peroxide is prepared by adding slowly a 
calculated quantity of sodium peroxide to 20, ice-cold sulphuric 
acid solution. 


Na,O,+H,SO, =Na,SO,+H,0, 


Most of the sodium sulphate formed is removed from the 
solution as decahydrate, Na,SO,, 10H.,O, by crystallisation. The 
solution is then distilled in vacuo. The distillate which is a 30% 
solution of hydrogen peroxide, is known as Merck’s perhydrol. 


(ii) A strong solution of hydrogen peroxide can be prepared 
in the laboratory by the action of sodium dihydrogen phosphatic 
on sodium peroxide. 


Na,O, +2NaH.PO, —2Na, HPO, +H,0, 


A calculated quantity of sodium peroxide is added to a satu- 
rated solution of sodium dihydrogen phosphate cooled in ice. Most 
of the disodium hydrogen phosphate formed separates as crystals of 
Na,HPO,, 12H40, andis removed by filtration, The filtrate is 
then cooled in, a mixture of salt and ice when the remaining 
disodium hydrogen phosphate and some ice separate out as crystals. 
These crystals are then filtered off—the filtrate is a strong solution 
of hydrogen peroxide. 


Preparation of anhydrous hydrogen peroxide. Hydrogen per- 
oxide is less volatile than water (b. pt, of water, 100°C ; of hydro- 
gen peroxide, 151°C). so when an aqueous solution of hydrogen 
peroxide in an open dish is evaporated on a water-bath at 70°C, 
the more volatile water vaporises away. The process is continued 
until the signs of effervescence appeai. At this stage, the solution 
contains 60% hydrogen peroxide. The concentrated aqueous solu- 
tion of hydrogen peroxide thus obtained on successive distillations 
under reduced pressure, yields a solution containing 99:175 hydro- 
gen peroxide. 1 

When a 95% solution of hydrogen peroxide is cooled to — 10°C 


and seeded with a small crystal of solid hydrogen peroxide (small 
crystals of hydrogen peroxide are obtained by cooling 95% solution 
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in solid carbon dioxide mixed with ether), small needle shaped 
crystals of pure hydrogen peroxide separate. 

Industrial preparation, Pietsch-Adolf process. Commercially, 
hydrogen peroxide is largely manufactured electrolytically. When 
moderately concetrated sulphuric acid is electrolysed, hydrogen is 
produced at the cathode and peroxydisulphuric acid at the anode. 

H,SO, = Ht + HSO,- 

At anode: 2HSO,- = H.S,0, + 2e 

At cathode: 2H* + 2e = Hy 


Peroxydisulphuric acid reacts with water to form first permo- 
nosulphuric acid (H.,SO,) and then hydrogen peroxide. 


H,S,0,+H,O=H.SO,+H.SO, 
H,SO,+H,O =H,O, +H.SO, 
Hydrogen peroxide formed is then separated by distillation. 


A 50 per cent solution of sulphuric acid is electrolysed with 
platinum electrodes under a high current density, whereby peroxy- 
disulphuric acid is produced. This is distilled under low pressure 
in a special apparatus so designed that the vapour is rapidly 
separated, On distillation, peroxydisulphuric acid reacts with 
water producing hydrogen peroxide, a 307, solution of which is 
obtained in the distillate. Suphuric acid is returned to the elec- 
trolytic cell for the preparation of more of the peroxydisulphuric 
acid. Thus, the method consumes only water and electricity. 


Ammonium bisulphate can also be used instead of sulphuric acid. 
The electrolysis of a solution of ammonium bisulphate produces 
hydrogen at the cathode and ammonium peroxydisulphate at the 
anode. 

2(NH ,)HSO, 2 (NH4,),8,0. -- H; 


Ammonium  peroxydisulphate then undergoes hydrolysis to 

produce hydrogen peroxide. A 
(NH4),$,0, 4-2H50 — 2(NH,)HSO, --H30, 

Hydrogen peroxide is then separated by distillation. It is possible 
to boil away most of the water from aqueous solution of hydrogen 
peroxide in a fractionating column and obtain a solution of 90% 
hydrogen peroxide. The Pietsch-Adolf process has been developed 
in Germany for thes manufacture of high-test hydrogen peroxide of 
about 90 per cent concentration. 


By auto-oxidation of anthraquinol. When air is passed through 
a solution of 2-ethyl anthraquinolin benzene or in other suitable 
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solvent, 2-ethyl anthraquinol is oxidised to 2-ethyl anthraquinone: 
and hydrogen peroxide is formed. 


OH o: 
ipse GHz | QHs 
wr P o 

i 
OH o 


(2-ethyl anthraquinol) (2 ethyl anthraquinone) 
Hydrogen peroxide is extracted with water from the organic solvent 
when aqueous solution of hydrogen peroxide is formed. 

After the separation of hydrogen peroxide, hydrogen is passed 
through the solution of anthraquivone in presence of palladium 
catalyst when anthraquinone is reduced again to anthraquinol. 
Anthraquinol can be again used for the production of hydrogen 
peroxide. Hence, in this process only hydrogen and oxygen 
are used. 

Properties of hydrogen peroxide. (A) Physical properties. 
Anhydrous hydrogen peroxide isa syrupy liquid. In small quan- 
tities, it appears to be colourless but in large quantities it has a 
delicate blue colour. It has a bitter metallic taste and has an acrid, 
irritating odour. When a drop of hydrogen peroxide comes in 
contact with skin, it forms a white blister. It solidifies at — 1:7'C 
into needle like crystals. Under normal pressure (760 mm of Hg) 
it boils at 151°C. It can be distilled safely under reduced pressure 
(b. pt. at 26 mm is 69°2°C). 

(B) Chemical properties. (i Thermal decomposition, Hydrogen 
peroxide is very unstable to heat and readily decomposes into 
water and oxygen. During decomposition, a considerable amount of 
heat is set free. 

2H,O, 22H,0 4-O, 4- 46,900 calories 

Its decomposition is accelerated by many substances such as 
finely divided or colloidal metals (e.g, platinum and manganese), 
bases, many salts and manganese dioxide. [t may explode violently 
in presence of these substances. It may be decomposed by rough 
surfaces and by ultraviolet light. At the same time, there are few 
substances which can retard the decomposition of hydrogen peroxide. 
Such substances are, for example, small quantities of acid, calcium 
chloride, alcohol, glycerine, etc., that is, these substances act as 
negative catalysts. 

When hydrogen peroxide decomposes, part of the oxygen is 
oxidised and part is reduced. 

(-1) (—2) (0) 
2H,O, = 2H,O + O. 


ss 
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j (E2) rs 
Thus, half of the oxygen atoms is reduced to O which forms. 
( 


0) 
water and the other half is oxidised to O, i.e., free oxygen. There- 
fore, this reaction is an auto-oxidation and reduction process. 

(ii) Oxidising properties. Hydrogen peroxide acts as a power- 
ful oxidising agents. As an oxidising agent, [O,]-° ion receives. 
two electrons turning into negative oxygen ions. 

[Os]? 2e2207?, 
The following examples will clarify the above phenomenon. 
(a) It liberates iodine from acidified potassium iodide solution. 


«c 
4 A | 
A -1 A. 
H,[0O,]1?-F2K I + 2HCl = 2KCI + I, + 2H,O 
The [O, ion receives 2 electrons donated by two I- ions. 
Hence, [O]? ion is reduced to O7? ion and I~ ion is oxidised to- 
iodine. This reaction is quantitative and may be used for the 
estimation of hydrogen peroxide. 
(b) It oxidises black lead sulphide into white lead sulphate. 
PbS + 4H,O, = PbSO, + 4H,O 
Use of this reaction is made in restoring discoloured oil paintings.. 
The “white lead” paints (containing the basic carbonate, 2PbCO,,. 
Pb(OH), which have been blackened due to the formation of black 
lead sulphide (PbS is formed by the reaction of HS present in the 
atmosphere with basic lead carbonate) can k bleached by washing 
with hydrogen peroxide when black lead sulphide is converted into- 
white lead sulphate. 
(c) Ferrous salts in acid solution are oxidised to ferric salts, 
2FeSO,+H.SO,+H,O, = Fe.(SO,),+2H,0 
(d) Hydrogen peroxide oxidises arsenious acid to arsenic acid ;. 
sulphurous acid to sulphuric acid and nitrous acid to nitric acid, 


H, AsO, +H,0O,= H,AsO, +H,O 
(arsenious*acid) (arsenic acid) 

H,SO, +H,0.= .H&SO, +H,O 
(sulphurous acid) (sulphuric acid) 

HNO, +H,0, = HNO, +H,0 
(nitrous acid) (nitric acid) 


(e) Hydrogen peroxide liberates sulphur from sulphuretted 
hydrogen and iodine from hydriodic acid. 


H,S4-H,0, =S+2H.,O 

2HI--H50, =I,+2H,O 
(f) Hydrogen peroxide oxidises a solution of potassium dichro- 
mate acidified with sulphuric acid to a blue perchromic acid. 
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Perchromic acid is very. unstable and decomposes into oxygen and 
chromic sulphate. Perchromic acid is more stable in ether than 
din water. 
3H,0,+H,Cr,0, = 2HCrO, + 3H,0 
(perchromic acid) 
2HCrO ; 4-3H,$0, =Cr,(SO,),-+4H,0+30, 

‘The oxidation number of each oxygen atom in H,O, is —1 
while the usual oxidation number of oxygen is —2. It is the 
existence of oxygen in the unusual oxidation state of —1 and the 
tendency of the oxygen to attain its more common oxidation number 


of —2, which confer strong oxidising properties on hydrogen 
peroxide. 


_ (ii) Reducing properties, During reactions with strong 
oxidising agents, hydrogen peroxide may manifest reducing 
Properties. When it so acts, elemental oxygen is one of the 
products ; thus : : 


(a) Hydrogen peroxide reduces chlorine to hydrogen chloride. 
2e 
Y 


[ 
(0 (-2) (+1(-1) 10) 
Cl, + H,O,= 2HCl + Oš 


E P 1 7 sumi i x 
The reducing agent, in this case, is O, ion which donates two 
electrons to chlorine atoms (i.e.; reduces the chlorine atoms) and is 
itself oxidised to neutral O, molecules. 


(b) Hydrogen pef¥xide reduces oxides of silver, platinum and 

other heavy metals to the corresponding metals : 
Ag,0+H,0,=2Ag+H,0+0, 

It reduces lead dioxide to-lead monoxide. 

PbO, +H,0, =PbO+H,0+0, 

(c) An acidified solution of potassium permanganate is readily 
reduced and decolourised by hydrogen peroxide with the evolution 
of oxygen. 

2KMnO, + 3H,SO,+5H,O, 2 K,SO, +2MnSO, +8H,0+50; 

(d) The oxidising and reducing action of hydrogen peroxide 
is not only dependent on the specific nature of the substance with 
which it is placed in contact but also dependent upon the nature of 
the medium. Thus, manganese dioxide liberates oxygen from hydro- 
gen peroxide in netural solution ; its effect is apparently catalytic. 

In acid solution, hydrogen peroxide reduces manganese dioxide 
to manganous salts, 

MnO,+H,0,+H,SO, =MnSO,+2H,0+0, 
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ain alkaline solution, hydrogen peroxide will effect the reverse 
reaction, converting manganous salts to manganese dioxide. 

MnSO, +H 0, 4-2NaOH 2 MnO, +2H,0+Na,SO, 

Similarly, an acid solution of potassium ferrocyanide is oxidised 
by hydrogen peroxide to potassium ferricyanide, 

2K,,[Fe(CN),,]++2HCl+H,O, =2K,[Fe(CN),]+2KCl+2H,0 

An alkaline solution of potassium ferricyanide is reduced to 
potassium ferrocyanide by hydrogen peroxide with the evolution of 
oxygen. 

2K,[Fe(CN),]--2KOH +H,,0, =2K,[Fe(CN),]+2H,0+0, 

(e) Ozone is slowly reduced by hydrogen peroxide to oxygen, 

0,+H,O, =20,-++H,O 

Solutions of bleaching powder and sodium hypobromite are 
reduced by hydrogen peroxide with the evolution of oxygen. 

NaOBr-- H,O, = NaBr+H,0+0, 

(iy) Acid properties. Hydrogen peroxide may act as a dibasic 
acid. Thus, pure hydrogen peroxide turns blue litmus red. When 
a solution of sodium carbonate is added drop by drop to a concen- 
trated solution of hydrogen peroxide, sodium peroxide is formed 
and carbon dioxide is evolved. 

Na, CO,-- H,0, =Na 0, -H,0-- CO; 

When an excess of carbonate is present, it catalytically de- 
composes hydrogen peroxide to evolve oxygen. 

Hydrogen peroxide reacts with barium hydroxide to form 
barium peroxide. 

Ba(OH), --H,O, — BaO, --2H,0 

Hence, all the peroxides such as Na Os, BaO,, etc, may be 

regarded as salts of the diprotic acid HOÓH. 
H50,--H40 = H4,0* --HO;* 
HO,---H40 = H,0*--0,7- 

(v) Formation of peroxy-acids. Hydrogen peroxide unites 
with acid anhydrides to form the corresponding peroxy-acids in a 
manner similar to that in which water unites : 

H,0O,+S0, = HSO; — ; (HgO+SO;=H,SO,) 
(peroxy sulphuric acid) 
H,0,+280, = H.$,0, ; (H,O+280;=H,S,0,) 
(peroxy disulphuric acid) 

303 O-4P,0, = 2H,PO,; (3H,0+P,0,=—2H,PO,) 
2304 +Hs ts Ties pRoRpboric acid) sf oil 

(vi) Formation of addition compounds. Some salts form 
addition compounds with hydrogen peroxide. Thus, with ammonium 
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sulphate it forms the compound (NH ,),80,, H202 and with urea 
it forms CO(NH;)s; H,Og. In these compounds, hydrogen peroxide 
behaves as water of crystallisation, The crystalline addition 
compound with urea is known as hyperol and liberates hydrogen 
peroxide on solution in water, ; 

Strength of hydrogen peroxide solution, The strength of 
aqueous solution of hydrogen peroxide is expressed in terms of 
volume in c.c. of oxygen evolved at N. T. P., when a unit. volume 
of hydrogen peroxide solution is catalytically decomposed. Thus, 
if 1 c.c. of a hydrogen peroxide solution when decomposed, evolves 
10 c.c. of oxygen at N. T. P., then that sample of hydrogen peroxide 
is of 10 volume strength. Similarly, 1 c.c. of 20 volume strength of 
a hydrogen peroxide solution when decomposed, yields 20 c.c. of 
oxygen at N. T. The relation between the volume strength and 
percentage strength of hydrogen peroxide can be established as 
follows : 


2H,0, = 2H,0 + Os 
(68 grams) (22°4 litres at N. T. P.) 


2, 68 grams of hydrogen peroxide yield 22400 c.c. of oxygen 
at N. T. P. 
s. lgram of hydrogen peroxide yields 3294 c.c. of oxygen at 
N. T. P. í 
Or, 100 c.c. of 195 solution of hydrogen peroxide yield 329'4 c.c. 
of oxygen at N. T. P. 
* Lee. of 1% solution of hydrogen-peroxide yields 3:294 c.c. 


of oxygen at N. T. P. 
Hence, 1% solution of hydrogen peroxide is of 3:294 volume 


strength. 
Therefore, 1 volume. hydrogen peroxide is of Gu per. cent 


“strength. Or, 10 volume hydrogen peroxide is of a =3'04 


«per cent strength. 


Hence, a hydrogen peroxide solution of ‘V’ volume strength is. 


per cent strength. Now, 1 (N) hydrogen peroxide solution 


V 
of 354 
is of 1:7 per cent strength* and hence. 1 (N): hydro ide 
solution is:of 1-7 x 3:224 5:6 volume strength. drogen pertes 


etine i aE 
a The equivalen t&weight-of hydrogen peroxide is 17. 
- "1000 cc. of 1 (N) hydrogen peroxide solution contai s: or 
T 3 s 17 
hydrogen peroxide. Hence; 100 c.c. of 1 (N) hydrogen mind pudet 
contains 1'7 grams of hydrogen peroxide. Hence, 1 (N) hydrogen peroxid 
solution is of 17. per cent strength. Bere’ 
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Uses of hydrogen peroxide. . The great importance of hydrogen 
peroxide lies in its use in one or more of the following capacities. 


(i) Mild antiseptic. A 3% aqueous solution of hydrogen 
peroxide is applied to cuts or infections as mild antiseptic. It 
destroys some types of bacteria by oxidising them. It is also used 
as mouth-wash or gargle. 


(ii) Bleaching agent. Because of the oxidising power of 
hydrogen peroxide, it is used to bleach cloth, hair, silk, straw, ivory, 
teeth and feathers. It is safer to use hydrogen peroxide on these 
materials than chlorine because water is the only by-product, 


Darkened oil paintings can be brightened by washing with 
hydrogen peroxide solution, 


(iii) Fuel. Hydrogen peroxide is used as a fuel in some 
rockets and airplanes. It is used for the combustion of other fuels 
such as alcohol, petrol and hydrazine hydrate. During world war 
II Germans used highly concentrated (about 90%) hydrogen 
peroxide as a source of oxygen forthe combustion of fuels used 
in their jet propelled bombs and planes. It is also used alone in the 
reactor of a jet unit. When one pound of 90% hydrogen peroxide 
is decomposed by a catalyst in the reactor, it produces 60 cu. ft. of 
gas at 1300°F and one atmospheric pressure, which is shot out of 
the unit with enough velocity to drive a plane. 

Highly concentrated ( 85 to 90 per cent ) hydrogen, peroxide is 
mixed with certain combustible substances to produce explosives. 


(iv) Antichlor. Hydrogen peroxide is used as an antichlor to 
remove excess of chlorine from bleached fabrics, 


(v) Oxidising agent and reducing agent. The solution of 
hydrogen peroxide is used as an oxidising agent in the dyeing 
industry and in the preparation of medicinals and pharmaceuticals. 
The solutions of hydrogen peroxide of different strengths are used 
in the laboratory as oxidising agents or reducing agents. 


Tests for hydrogen peroxide. (i) Hydrogen peroxide liberates 
iodine from potassium iodide solution which forms a blue 
colouration with starch. Even a trace of hydrogen peroxide can be 
detected by a mixture of potassium iodide and ferrous sulphate ; 
ozone cannot liberate iodine from a mixture of potassium iodide and 
ferrous sulphate. 


(ii) A solution of potassium dichromate acidified with sulphuric 
acid is added toa solution suspected to contain hydrogen peroxide. 
The resulting solution is rapidly shaken with ether. Ifthe ethercal 
layer becomes deep blue in colour, then the solution contains 


hydrogen peroxide. 
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(iii) Titanium dioxide is heated with twice its volume of con- 


centrated sulphuric acid ; the titanyl sulphate which 
cooled and diluted with water. 
to the liquid to be tested. 


results is 


A little of this solution is added 
If the hydrogen peroxide is present, 


an intense and stable orange yellow colour will develop. The 
colour is believed to be due to the formation of peroxytitanic acid. 


1. Distinctions of hydrogen peroxide from ozone 


APPENDIX 


Hydrogen peroxide is distinguished from ozone by the following 


analytical tests : 


Reagent 


Ozone 


Hydrogen peroxide 


(1) (a) Potassium io- 
dide soluticn. 
(b) Potassium io- 
dide + ferrous 
sulphate solution) 
(2) Mercury 


(3) Silver 

(4) Filter paper soa- 
ked in alcoholic 
solution of ben- 
zidine. 

(5) Filter paper soa- 
ked in alcoholic 
solution of tetra- 
methyl base. 

(6) Acidified solution 
of potassium di- 
chromate 4- ether, 


(7) Solution of tita- 
nyl sulphate. 


(8) Acidified potassi- 
um  permanga- 
nate solution. 


Liberates iodine 
Cannot liberate io- 
dine. 


Mercury loses mobi- 
lity and forms a thin 
film on the glass. 
Silver is blackened. 
Turns brown 


Turns violet 


No characteristic 
change. 


No characteristic 
change. 


Pink colour is not 
discharged. 


Liberates iodine 


Liberates iodine 
No action. 


No action. 
No colour change. 


No colour change. 


On shaking with 
hydrogen peroxide, 
ethereal layer be- 
comes deep blue. 

An intense and 
Stable orange ye- 


llow colouration 
is developed. 
Pink colour is 
discharged. 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 
(7) 


(8) 


(9) 
(10) 
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II. A comparative study of ozone and hydrogen peroxide 


Ozone 


It is an 
oxygen. 
It is a pale blue gas 
having fishy smell. 

It is a neutral gas, 

It is soluble in water, 
carbon tetrachloride and 
turpentine oil. 

It is anendothermic com- 
pound and unstable to 
heat and decomposes in- 
to oxygen, The decom- 
position is accompanied 
by the evolution of heat. 
The decomposition is 
catalysed by various sub- 
stances. 


It is a strong oxidising | 


agent. 

It can act as reducing 
agent towards certain 
substances, 


It bleaches various subs- 
tances by oxidation, 


It kills various bacteria 
by oxidation. i 

It forms addition com- 
pounds such as ethylene 
ozonide. 


I. Ch.—5 


allotrope of 


Hydrogen Peroxide 


OR a atr ie M 
It is a peroxide and has the struc- 


tural formula H-O—O—H. 

It is a clear viscous liquid having 
smell like that of nitric acid. 

It behaves like a dibasic acid. 

It is soluble in water and ether. 


It is less exothermic than water. 
It is thermally unstable and decom- 
poses into water and oxygen. 
Certain substances act as positive 
catalysts and some substances act 
as negative catalysts in the decom- 
position reaction, 


Tt is also a strong oxidising 
agent. 

In reactions with strong oxidising 
agents, it behaves as a reducing 
agent. 

It also bleaches various substances 
by oxidation ; it is also used as 
antichlor. 

It also kills various bécteria by 


oxidation, b 


It also forms addition compotinds 


such as (NH,),SO,, H40, and 
hyperol. 


66 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


TII. A comparative study of water and hydrogen peroxide. 


Water Hydrogen peroxide 
LL I—M————————————3 
It is an oxide and has the | It isa peroxide and has the for- 

formula, H—O—H. mula H—O—O—H. 

It boils at 100°C under 760 | It boils at 151°C under 760 mm 
mm pressure. pressure. 

It is a neutral liquid. It behaves like a dibasic acid. 

It is stable. It is unstable. 

It possesses neither oxidising | It possesses both oxidising and 
nor reducing properties. reducing properties. 

It is an excellent solvent. It fails to act as solvent. 

It is not a bleaching agent. It is a good bleaching agent. 


It forms addition compounds | It also forms addition compounds 
such as  CuSO,. 5H,0, | such as (NH,).SO,. H30,. 
. FeSO,. 7H,0, etc. 


EXERCISES 


1. How would you classify natural water according to sources? 
Mention the principal impurities which may be present in each class. 

2. How is chemically pure water obtained from natural water? How 
would you purify a sample of water for drinking purpose ? 

3. What is meant by hardness of water ? What are the causes of hard- 
ness? Describe various methods which are used for softening hard water. 
What are the disadvantages of hard water when used (a) in the laundry 
(b) in a boiler ? [ Bombay, '47 ] 

4. How would you purify water for laboratory use ? Explain the 
principles involved in ion-exchange or permutit method. 

5. Describe briefly the properties of water and discuss its importance 
as solvent. 

6. Compare the properties of water with those of hydrogen peroxide. 

7. How would you test whether a given colourless liquid is oris 
not water ? 

8. Discuss the purification of water which is to be used for 
(a) drinking, (b) industrial and (c) laboratory work. 

9. How and under what'conditions does waterireact with the following 
substances ? 

(i) Sodium, (ii) , Calcium, (iii) Magnesium, (iv) Aluminium, (v) Zinc, 
(vi) Iron, (vii) Sodium peroxide, (viii) Calcium oxide, (ix! Phosphorus 
trioxide, (x) Phosphorus pentoxide, (xi) Sulphur dioxide, (xii) Chlorine, 
(xiii) Calcium hydride and (xiv) Calcium carbide. 

10. How would you prepare a solution of hydrogen peroxide? How 
would you prepare from this solution anhydrous hydrogen peroxide ? 

11. How is hydrogen peroxide prepared on a large scale? Give an 
account of its properties. “Hydrogen peroxide behaves both as an 
oxidising agent and as a reducing agent".—Discuss. [ C. U. 33, (850 


12. Distinguish hydrogen peroxide from ozone. [C. U., 37] 
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13..~What do you mean by “10 volume” hydrogen peroxide ? Calculate 
the strength of this solution in grams/litre. 


14. You are givena gas that may be either oxygen or ozone. How 
would you identify it ? [C. U., *53] 


15. Discuss the important uses of hydrogen peroxide. 


16. “Hydrogen peroxide is a very strong oxidising agent"—Justify the 
Mt Upon what does the oxidising power of hydrogen peroxide 
lepen: 


17. What is an auto-oxidation and reduction process ? “Hydrogen 
eroxide behaves both as an oxidising agent and a reducing agent”— 
iscuss, 

18. What happens when 

(a) hydrogen peroxide solution is treated with manganese dioxide. 


(b) carbon dioxide gas is passed through a suspension of barium 
peroxide in water. 


(c) hydrogen peroxide solution is added to acidified potassium iodide 
solution, ! f 


(d) hydrogen peroxide solution is gradually added to acidified pota- 
ssium permanganate solution, 


(e) hydrogen peroxide is'treated with?black lead sulphide. 

(f) hydrogen peroxide is added (i) to acidified potassium ferrocyanide 
solution and (ii) to alkaline potassium ferricyanide solution. 

(g) hydrogen peroxide solution is Shaken with silver oxide. 


(b) chlorine is passed through a solution of hydrogen peroxide. 


19. Explain the following statements : 

(i) Hydrogen peroxide manifests both oxidising and reducing 
properties, 

(ii) Water does not possess oxidising property while hydrogen 
peroxide possesses oxidising properties. 


(iii) Hydrogen peroxide acts as a diprotic acid, 
(iv) Hard water is not used in laundry and in boilers, 


(v) Water molecule is stable while hydrogen peroxide molecule is 
unstable, : 


20. Calculate in grams im litre the amount of hydrogen peroxide 
present in a sample of it which is of *20 volume strength", 
[Ans, 60:8 gram/litre ] 


. 21. Calculate the strength in volume;of/hydrogen peroxide which is of 
Sper cent strength, [Ans. 1647] 


22. S$cc.of 015 (N) solution of “hydrochloric acid are required to 
titrate 100 c.c. of waterzcontaining'calcium. bicarbonate. Calculate the 
hardness of water, 


[Solution: Let the strength off water be x(N) Then $x0'15(NI— 
XX100 whence x-—0 0075 (N) <. 1 litre of water contains 00075 
gm-equivalent or, 7 5 mg-equiv. of calcium bicarbonate or 7'5 mg equiv. of 
HH ions. The hardness of water is, therefore, 7:5 mg-equiv. per litre 
of water. 


Now, T5 mg-equiv, dof-£Ca(HCO,),2:7:5 mg-equiv. of CaCO,=7'5 x 50 
mg of Caco 

is, d litre of water contains 375 mg of CaCO,. Hence, the hardness of 
Water is 375 ppm or 375". ] 
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23, Calculate the temporary hardtiess'of water in mg-equiv.[litre and 
in degree knowing that 10 ml of a 005 (N) solution of hydrochloric acid 
were spent to react with the bicarbonate contained in 100 c.c. of water. | 

Ans. 5 mg equiy ; 25°} 

24. Calculate the permanent hardness of water, knowing that 5'05gm 
of anhydrous borax Na,B,O, were spent to remove calcium ions con- 
tained in 10 litres of water. { Ans. 25° or 250 ppm ] 

[Hints: CaSO, + Na,B,0, = CaB,0; + Na,SO, ] 

25. One litre of a sample of hard water contains I’mg of CaCl, and 
img of MgCl,. Find the total hardnessin terms of CaCO, per 19° parts 
of water by weight. [ Ans. 1'95 ppm or 0'195° ] [T.LT., '80] 

26. A sample of hard water contains 20 mg of Catt ions per litre. How 
many milliequivalents of Na,CO, would be required to soften 1 litre of 
the sample? [ Ans. 1 milliequivalent ] [LIT ., 80] 

27. The total hardness of a sample of water is 2'32 mg-equiv. per litre 
of water. How many grams of soda would be required to soften 20 litres 
of the sample ? [ Ans. 246 gram ] 
. 28. The hardness of a sample of water is 10°. How many grams of 
soda should be added to 10 litres of this sample of water to remove its 
hardness ? : 

[ Solution: 1 ppm = 1 mg of CaCO} or its equivalent amount of other 

salts in 1 litre of water. 
«'. 100 ppm = 100 mg. of CaCO, or its equiv. amount of other salt in 
1 litre of water. 

s 10° = 100 mg. of CaCO,for its equivalent amount of other salts in 
1 litre of water. 
10 litres of water whose hardness is 10° contain 1000 mg. of CaCO; 
or its equivalent amount of other salts. 4 
10 litres of water whose hardness is 10* contain E mg.-equiv. ' of 
CaCO, or its equivalent amount of other salts. [50isthe equi- 
valent weight of CaCO, |. 3 


Hence, in order to remove the hardness, ES mg-equiy. of Na,COs 
will be required. Now, the equivalent weight of Na;CO; is 53. 

-. Thequantity of soda which is required to remove the hardness 

1000 

ae 


E x53 mg, or 1060 mg. or 1:06 grams. ] 


CHAPTER IV 
AIR 


The mixture of gaseous substances which surrounds the earth is 
referred to as the atmosphere. The term air was applied by the 
older chemists to this gaseous mixture in the same sense as we use 
the word “gas”. They regarded air as an element. The first 
reliable evidence of the composite nature of air was produced by 
Mayow (1674) who showed that the volume of air is diminished by 
the breathing of a mouse confiaed in a bell-jar over water. The same 
result occurs when combustible substances burned under similar 
conditions, The residual gases left after these experiments were 
unfit for further combustion or respiration, Black in 1755 
discovered the presence of carbon dioxide in air and called it “fixed 
air". Having learned the isolation and identification of oxygen 
and nitrogen in air by Priestley and Scheele, Lavoisier in 1775 
directed his attention to these discoveries and was led to the idea 
that air was a mixture of these two gases with moisture and carbon 
dioxide, The presence of inert gases, helium, neon, argon, krypton 
and xenon in air was discovered by Rayleigh more than a hundred 
years later. 


Air is a mixture and not a compound. The following 
arguments show clearly that air is a mixture and not a chemical 
compound, 


(l) The composition of air is not fixed but varies more or less 
from time to time and with the locality. For example, in a crowded 
room the percentage of carbon dioxide would be high and that of 
oxygen would be correspondingly reduced. Hence, the composition 
of air cannot be represented by a chemical formula. Since the 
composition of a chemical compound is fixed and invariable, the 
proportions of oxygen and nitrogen in air would be invariable if 
air were a compound of these two gases. Therefore, air is not a 
compound. 


(2) When a compound is formed from two or more elements, 
there is a thermal change, i.e., heat is either evolved or absorbed, 
and often a volume change. But when nitrogen and oxygen are 
mixed together in the proportion in which they are present in air 
( four volumes of nitrogen and one volume of oxygen ) there is no 
thermal change and no change in volume or colour. Thus, there is 
no sign of chemical reaction between the two gases. The mixture, 
however, behaves like an ordinary air in all respects except in so 
far as the properties of air are modified by the presence of other 
gases such as argon, carbon dioxide, etc. 


70 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


(3) A chemical compound has its own characteristic properties. 
and bears little, if any, resemblance to those of their constituents. 
The characteristic properties of air, on the other hand, are those 
that would be expected for a mixture of its components in the 
known proportions. This means that the constituents of air retain 
their original properties. 


(4) There are 75:6 per cent of nitrogen and 23:1 per cent of 
oxygen by weight in air.* Hence, if air were a compound, the ratio 
of the number of nitrogen and oxygen atoms in it would be 


number of atoms of nitrogen 756/14 54 15 
number of atoms of oxygen ~ 231/16 1447 4 


On this basis, the simplest formula of air would be N50, (ora 
multiple of this) and hence its vapour density would be 274/22 

But, experimentally determined vapour density of air is 14:4. 
Therefore, air cannot be a compound. 

The vapour density of air determined experimentally is in 
agreement with the value of vapour density calculated on the basis 
of the fact that air is a mixture of approximately 4 volumes of 
nitrogen and 1 volume of oxygen ; thus 


Sxd=4x14+1%16 (where d is the vapour density of air ; 


SS d=14.4 14 and 16 are the vapour densities of 
nitrogen and oxygen respectively ) 


(5) The constituents of air can be Separated by means of phy- 
sical processes such as (a) solution in water, (b) diffusion, (c) frac- 
tional distillation of liquid air, and (d) magnetic field. 


(a) By solution in water. Oxygen is more soluble in water than 
nitrogen. Hence, when water is saturated with air, the dissolved 
air contains more oxygen than the undissolved air. When the 
Solution is boiled, the air expelled contains 35 per cent of oxygen ; 
air contains only 21 per cent by volume of oxygen. Therefore, if air 
were a compound, its composition could not be altered in this way. 


(b) By diffusion, When air is allowed to diffuse through a 
Porous tube, nitrogen being lighter than oxygen, passes out more 
rapidly than oxygen. The diffused air is found to be richer in 
nitrogen than the undiffused air. Thus, air can be partially sepa- 
fated into its constituents, 

(c) By fractional distillation of liquid air. When liquid air is 
distilled, the more volatile nitrogen distils off before oxygen. 
Hence, by distilling liquid air fractionally; air can be separated into: 
its constituents. Had air been a chemical compound, it would have 
distilled as a whole, 

(d) By magnetic field. When solidified air is subjected to a 
magnetic field, the highly paramagnetic oxygen is sucked out of it 
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towards the magnet's poles. Thus, solid air behaves towards a 
magnet as a mixture of nitrogen and oxygen. 


The constituents of the atmosphere and their functions. The 
composition of the atmosphere is complex. Its chief constituents can 
be divided into three groups : 

(a) Constant constituents, Under this group are included the 
two major constituents, viz, oxygen (20:955 by volume ) and 
nitrogen ( 78:09: by volume ). Other members of this group are 
inert or noble gases (about 1%, by volume ), viz., argon, neon, 
helium, krypton and xenon. The content of these gases in air is 
practically the same everywhere. 


(i) Oxygen. When nitric oxide, NO, which is a colourless gas 
is exposed to the air, it forms a reddish brown fumes due to the 
reaction of NO with oxygen. This proves that air contains free 
oxygen. 

2NO +0, 2 2NO,. 


When mercury is heated in air for a long time, red scales of 
mercuric oxide are obtained. On heating these red scales, oxygen is 
evolved. 

Hg+air -> HgO 

2HgO=2Hg+0, 
Thus, it is proved that atmosphere contains oxygen. 

Living creatures require oxygen for respiration. They would 
not last more than a few minutes without oxygen. Oxygen breathed 
into the lungs oxidises the various complex organic substances 
of the body producing carbon dioxide which is exhaled. This 
process of oxidation is exothermic and living creatures derive their 
energy and warmth of the body from the heat evolved during such 
chemical processes. The presence of carbon dioxide in the air from 
lungs is easily demonstrated by blowing respired air into lime water 
which is turned milky. Human being, for example, inhales an 
average of 21% oxygen and 0-03, carbon dioxide and exhales 16% 
oxygen and 4% carbon dioxide. 

Again, oxygen is essential for all types of combustion. 


(ii) Nitrogen, The residual air which is left when phosphorus 
is burnt in a closed volume of air, does not support combustion 
and is readily absorbed by heated magnesium. Hence, air contains 
nitrogen. 1 : 

Nitrogen dilutes oxygen, otherwise the process of combustion 
would be very rapid and the respiration would be dangerous for 
animal life. 

(iii) The inert gases, The residual gas which remains when 
oxygen and nitrogen are removed from air by burning phosphorus 
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and heated magnesium respectively, contains inert gases, argon, 
krypton, xenon, neon, helium and radon. 

(b) The variable constituents. The group includes carbon di- . 
oxide (0°02—0°04%) and water vapour (up to 4%). The content of 
these constituents in the atmosphere vary depending on the various 
conditions. . 

(i) Carbon dioxide. When clear lime water is exposed to the 
atmosphere, a white crust is formed on its surface. Th's is due to the 
reaction of carbon dioxide present in air with lime water forming 
insoluble calcium carbonate. js 

Ca(OH), +CO, = CaCO. +H,0 

Oxygen-carbon dioxide cycle. Carbon dioxide is formed in 
nature due tothe combustion of fuels such as coal, wood, etc., the 
respiration of the animals and the decay of vegetable and arimal 
matters, The percentage of carbon dioxide is higher in towns than 
inthe open country ; this is due to the fact that large quantities of 
the gas is discharged into the air by factories and plants in town, 
which burn large quantities of fuels. But diffusion of air by winds 
prevents the accumulation of excessive amount of the gas in any 
part of the globe. A large quantities of carbon dioxide also enter 
Into the atmosphere by volcanic action in some parts of the globe. 

Although enormous quantities of carbon dioxide enter into the 
atmosphere by the processes described above, the percentage of 
carbon dioxide in.the atmosphere is relatively constant, This is 
due to a cyclic process ocurring in nature known as oxygen-carbon 
dioxide cycle. 

Plants withdraw large quantities of carbon dioxide from air and 
convert it into carbohydrates (cellulose, starch and sugars) and 
oxygen, The energy required for converting carbon dioxide and 
water into carbohydrates and oxygen is obtained by the plants from 
sunlight. Such a process of carrying out a reaction by using the 
energy of sunlight is called photosynthesis : 

6CO, 4- 6H. O + energy from sunlight — C,H450, +60, 
Chlorophyll, the green colouring matter of the plant, acts asa 
catalyst. The vast quantities of oxygen released by plants enter 

. 


Animals Plants 


into the atmosphere and support respiration of animals and com- 
bustion processes, Thus, the cycle of photosynthesis by plants and 
the respiration of animals and combustion processes continues 
indefinitely in the atmosphere and thus the percentage of carbon 
dioxide and oxygen in air is maintained constant. 
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Carbon dioxide is also removed from the atmosphere in the 
“weathering” of rocks such as felspars, which combine with at- 
mospheric carbon dioxide to form soluble alkali carbonates. 

K,0, Al,0,, 6SiO, +2H,0+CO, - 
= A1,0,, 2SiO,, 2H,0+4Si0, +K CO; 

Carbon dioxide from air is also removed by sedimentary rocks 
such as limestone, CaCO,, and dolomite, MgCO,. These rocks 
react with carbon dio»ide to form soluble bicarbonates which are 
carried by river water into oceans. 

CaCO, +CO,+H,O=Ca(HCO,), 
MgCO, --CO, +H,O= Mg(HCO,), 

(ii) Moisture, When a watch glass containing fused calcium 
chloride is kept in air, calcium chloride becomes moist due to the 
absorption of water vapour present in air. The percentage of water 
vapour in air varies over a wide range, from a fraction of one per 
cent to several per cents. At least 10? tons of water vapour are 
usually present in the temperate region over each square mile of the 
earth's surface. 


The dry airis heavier than the humid air since the average 
molecular weight of the gases in dry air is 29 while that of water 
vapour is only 18, Therefore, barometer always falls when the 
atmosphere acquires more than its usual content of water vapour. 


Wien the air contains maximum amount of water vapour it can 
retain in cantact with liquid water at a given temperature, it is said 
to be saturated at that temperature. The actual amount of aqueous 
vapour which air can carry before it is saturated depends upon the 
temperature. The higher the temperature, the greater amount of 
moisture it can carry, The pressure exerted by water yapour in 
fully saturated air is called the vapour pressure of water at that 
temperature. 

At a given temperature, relative humidity is defined as the ratio 
of the quantity of moisture that airactually contains to what it would 
contain if it were fully saturated. Therefore, when air is fully 
saturated with water vapour, the humidity is 100 per cent. Ifa 
litre of air requires 17:1 mg of water vapour to become saturated at 
a given temperature, and ifa litre of it actually contains 1-71 mg 
of water vapour, then the relative humidity is 10 per cent. The 
average hum d'ty is about 66 per cent. There is much discomfort 
ina hot, humid day. This is due to. the fact that the combination 
of high temperature and excessive humidity decreases the evaporation 
of perspiration from the skin. "Ventilation or fanning hastens the 
evaporation of perspiration and thus affords relief. 

The water vapour in the atmosphere controls the evaporation of 
water from the earth. Water vapour in air indirectly supports the 
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lives of plant and animal, because rain is due to the presence of 
water vapour in the atmosphere. Water vapour, being only 0:62 
times as heavy asan equal volume of air, rises into the upper 
regions ofthe atmosphere. The temperature of the ascending 
vapour gradually decreases, and consequently, a place is reached 
when air becomes completely saturated with water vapour. The 
water vapour then condenses into droplets as mist or clouds, and 
the condensed water ultimately descends to the earth in the form 
of rain, snow or hail. 


(iii) Dust particles. Air contains noteworthy quantities of dust 
everywhere, Dust in air consists mainly of coal particles, particles 
of mineral substances, pollen grains from numerous flowering 
plants, and bacteria. The percentage of dust in air varies greatly ; 
it is generally higher in summer but lower in winter. 


Bacteria enter into the atmosphere by wind current from soil 
went it is dry. Some of the bacteria are responsible for diseases 
but most of them are quite harmless. The dust particles to which 
bacteria cling, is most dangerous hygienically ; this is particularly 
true for the dust of dwellings which may carry infectious micro- 
bes, such as the tubercle bacillus. After a rain shower, the air 
contains but few bacteria because the rain drops carry the bacteria 
down with them. 


(c) Occasional constituents. The presence of these constituents 
depends on the local conditions. Thus, in the vicinity of factories 
where sulphide ores are roasted, or coal containing sulphur is 
burned, the air contains sulphur dioxide ; it contains ammonia and 
hydrogen sulphide in the localities where organic remains are 
decomposing. Traces of ozone or hydrogen peroxide may also be 
present in air. Nitrogen oxides formed by the elecirical discharges 
in the atmosphere may also be present. These impurities which are 
present in air in negligible quantities are continually removed from 
the air by the rain water which dissolves them. 


The percentage composition of air can be expressed by 
the following figures, taking into account only the constant 
consituents : 


By volume By weight 
Nitrogen 78:16 25:5 
Oxygen 20:9 232 
Inter gases 0:94 13 


Experimental methods of determining the composition of air, 
(a) Composition of air by volume. The volumetric composition 
of air can be determined by the following method : 

Lavoisier's experiment. In 1773, Lavoisier performed experi- 
ments on the calcination of metals in a sealed vessel and 
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found that only part of the air in the vessel is absorbed by the 
metals to form *calx and the difference in the weight between the 
calx and the initial metal equals the weight of air absorbed. He 
showed that the part of air that'disappears on combustion is oxygen 
and the gas which is left in the retort does not support combustion 
and was given by him the name “azote”. Lavoisier's experiment 
with mercyry is described below : 


Lavoisier took a weighed quantity of mercury ( 4 ounces )-in a 
glass retort, the neck of which was communicated with a measured 
volume of air in a bell-jar which was : 
kept inverted over mercury (fig. 4.1). 
The volume of air in the bell-jar was 
noted. The retort was then heated by 
means of charcoal furnace for 12 days 
at a temperature near the boiling point 
of mercury, Red scales of mercury 
were formed on the surface of mercury 
in the retort. The volume of air in 
the bell-jar gradually decreased and 
consequently the level of mercury d Me, 
gradually rose up in the bell-jar during Fig. ae 
heating. After 12 days, the level of 
mercury was found to be steady. The residual gas in the bell-jar 
occupied about four-fifth of the volume of air originally taken and 
hence one-fifth of the volume of air was absorbed by mercury. 
The residual gas did not support respiration or combustion, and 
Lavoisier called this gas ‘azote’. In France, the gas is still called’ 
‘azote’ though in Britain it is called ‘nitrogen’. 


Lavoisier next collected the ‘red scales’ and took them in a 
retort. The retort was then strongly heated when a gas was 
evolved which was. 
collected ina gradua- 
ted jar over mercury 
(fig.4.2). The vo- 
lume of the gas was. 
found to be one-fifth. 
of the volume of air 
taken in the bell-jar 
and was equal to the 
diminution of the 
volume of the air that 
took place when mer- 
cury was heated in the 
retort. This gas supported respiration and combustion. Lavoisier 
first called this gas the ‘vital air’ and afterwards ‘oxygen’. 
When this gas was added to the azote, ordinary air was. 


Fig. 4.2: Lavoisier's experiment (Preparation 
of oxygen by heating mercuric oxide.). 
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obtained. From these experiments, Lavoisier came to the following 
conclusions : 

(i) Air is a mixture of two gases—oxygen and nitrogen. One- 
fifth of the air consists of oxygen and the remainder is nitrogen. 

(ii) Itis the oxygen of air which alone supports respiration 
and combustion, and combines with metals during calcination. 

(b) Composition of air by weight ( Gravimetric composition ). 
Dumas’ method. The composition of air by weight is determined 
by the method of Dumas. 

A large globe (G) is evacuated, closed by a stop-cock, and 
"weighed accurately in that condition. It is then attached to the 
hard glass tube (T) containing finely divided copper ; the tube and 
the contents were previously evacuated, closed by stop-cocks fitted 


Fig. 4,3: Dumas’ experiment ( Gravimetric composition of air ). 


ateach end and weighed. The glass tube (T) at the other end ís 
connected with a bulb of potash solution (X) and with two U-tubes, 
one (Y) containing solid caustic potash and the other (Z) containing 
fused calcium chloride. 

The tube (T) is heated to bright redness and the air which is 
-deprived of carbon dioxide and moisture on its way through the 
bulb and U-tubes, is allowed to enter slowly into the tube (T) by 
gradually opening the stop-cocks. In the tube, oxygen of air 
combines with copper, leaving only nitrogen to pass into the glass 
globe (G). When the globe is full of nitrogen, the stop-cocks are 
‘closed and the apparatus is allowed to cool. 


The globe is weighed and the increase in weight gives the weight 
-of nitrogen in it. The tube which contains copper, copper oxide 
and some nitrogen is weighed. Its increase in weight gives the 
weight of oxygen and some nitrogen. Nitrogen in this tube is then 
removed by a pump and the tube is weighed again, and the weight 
of nitrogen in the tube is determined. This weight of nitrogen must 
‘be added to the weight of nitrogen in the globe in order to find 
out the total weight of nitrogen. The weight of oxygen is obtained 
from the increase in weight of the glass tube after removing nitrogen. 
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Calculation. Let the weight of the vacuous globe =W, grams.. 
the weight of evacuated glass tube+ copper=W, grams. ! 
the weight of globe-F nitrogen after the experiment 2 W,, grams. 
the weight of glass tube-+copper+ copper oxide 
-rF nitrogen =W; grams. 
the weight of evacuated glass tube+ copper ^ 
+copper oxide — W , grams. 
.. Weight of nitrogen in the globe = (W, — W1) grams. 
The weight of nitrogen in the glass tube -(W., — W ;) grams. 
Hence, the total weight of nitrogen = (W, — W;)--(W, — W;) grams. 
=a grams (say) 
Now, the weight of oxygen 2 (W, — W;) grams. =b grams (say) 
Therefore, the weight of air =weight of nitrogen 4- weight of oxygen. 
=(W,—W D (W4,—W;)-(W;—W,) 
- (a-- b) grams. 
bx 100 
(a+b) 
ax 100 
(a+b) 
The following results are obtained by actual experiment : 
Oxygen: Nitrogen- 22:92: 77:08. Allowing for the presence 
of 0:933% by volume of argon, the composition of air freed from 
water vapour and carbon dioxide is now known to be 23:27. by 
weight of oxygen, 75:5% by weight of nitrogen and 1'3% by weight 
of argon, etc. 


.', Percentage of oxygen 


and percentage of nitrogen = 


EXERCISES 


1. Whatare the constituents of air ? Explain clearly how the composi- 
tion of air is affected by plant and animal life. 

2. How would you show the existence of oxygen, nitrogen and carbon 
dioxide in air ? Describe Lavoisier's'experiment on the composition of air. 

3. “Air is a mixture'and:not a compound." Give arguments in favour 
of this statement. 

4. How would you prove that air and water contain a common 
constituent ? Give evidences to indicate that in one case the common 
constituent is chemically combined, while in the other it merely forms 
part of a mixture. [C. U., 51] 

5. Describe at least two experiments tol show that air contains. 
approximately four volumes of, nirogen and one volume of oxygen. 

, 6. What is “oxygen-carbon dioxide" cycle? How does it play an 
important role in the life of plants and animals ? 
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7. Describe with full experimental details the methods for determining 
the (a) proportions by volume of oxygen and nitrogen and (b) the propor- 
tions by weight of oxygen and nitrogen in the air. 


,8. Prove experimentally that (a) air contains oxygen ; (b) it isa 
mixture of oxygen and nitrogen and not a compound and (c) the ratio by 
volume of nitrogen and oxygen inairis 4:1. [H. S., ’61, '63, '64 (Comp.) | 

9. Whyisa crust formed on lime water when kept exposed to air? 
[H. S479] 
10. The amount of oxygen in air should gradually decrease and that of 
carbon dioxide increase to a large extent as a result of the respiration of 


animals and various combustion processes taking place on the earth.. Why 
does it not happen ? [H. S., '79] 


11. One of the gases in air is a supporter of combustion ; the other is 


not—How would you prove this? How would you prove the existence of 
CO, in air? 


CHAPTER V 


THE NITROGEN AND ITS COMPOUNDS 
NITROGEN 


Atomic weight, 14°008 Atomic number, 7 
Electronic configuration 1s? 2s? 2p? 


Nitrogen occurs in the free state in air of which it contitutes 78% by 
volume or 755% by weight. It occurs also in combination, The principal 
inorganic nitrogen compounds which occur in nature are potassium nitrate, 
KNO,, known as nitre or saltpetre and sodium nitrate, NaNO,, known as 
Chile saltpetre. Chile saltpetre occurs in thick deposits on the Pacific coast 
in Chile. Insignificant quantities of nitrogen, mainly as nitrates, are 
presentinsoils. Itoccurs in the body of every plant and animal as a 
constituent of complex organic compounds called proteins. 


Preparation of nitrogen. Nitrogen may be prepared either 
(a) from air or (b) from compounds of nitrogen. 

(a) From air. . Nitrogen is prepared from air by removing 
oxygen by means of elements such as copper and phosphorus, 
which react easily with oxygen to form oxides. The processes of 
removing oxygen from air are described below. 


(i) By red-hot copper. Air is first freed from carbon dioxide and 
moisture by passing it successively through strong caustic potash 
solution and concentrated sulphuric acid. It is then passed 
through along tube containing copper turnings heated to bright 
redness. Oxygen of the air reacts with copper 
to form solid copper oxide : 

2Cu-4- O, 2 2CuO. 
Nitrogen passes out and is collected by the 
displacement of water. Nitrogen thus obtained 
contains small quantities of inert gases such 
as argon, krypton, etc, 

(ii) By means of phosphorus. A porcelain 
crucible containing a piece of phosphorus is 
floated on water in a trough. The crucible is 
covered with a graduated bell-jar which is 
fitted with a stopper. The level of water in 
the jar is noted. Now, the stopper is taken 
out, the phosphorus is kindled by a hot wire, Fig. 5.1 
and the stopper is quickly inserted. Phosphorus reacts with oxygen 
of the air to form dense white fumes of phosphorus pentoxide 
which dissolves in water : 


P,--50, 22P,0, 
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Water gradually rises up in the bell-jar and ultimately occupies 
one fifth of the volume occupied by air. The remaining four-fifths 
ofthe volume is occupied by the residual gas. That the residual 
gas is nitrogen is proved by its characteristic tests. This 
experiment proves that air is a mixture of 4 volumes of nitrogen 
and 1 volume of oxygen. 


(ii) By alkaline pyrogallate. When air is passed throvgh a 
solution of alkaline pyrogallate, oxygen of the air isabsorbed while 
nitrogen remaining unabsorbed, passes out, 

A flask containing alkaline pyrogallate solution is fitted with 
a stopper through which pass two glass tubes—one tube which 
dips into the solution serves as inlet for air. The other tube 
whose lower end remains above the surface of the solution serves 
as exit tube. The flask is connected to a U-tube containing 
soda lime and an aspirator completely filled with water. Water 
js then run slowly from the aspirator. Air is drawn through the 
flask where oxygen is absorbed and then through soda-lime tube 
where carbon dioxide is absorbed. Nitrogen of the air thus freed 
from oxygen and carbon dioxide collects in the aspirator. ` 


(iv) A long glass tube sealed at one end is divided into six 
equal volumes by labels. A solution of cuprous chloride in conc. 
HCI is poured into it so as to occupy one volume. The tube is 
closed by a stopper and shaken thoroughly. Oxygen of the 
enclosed air is absorbed by cuprous chloride solution which 
becomes green in colour. When the tube is opened under water it 
isfound that one of the remaining five divisions is filled with 
water and four-fifths of the original volume of air remain as 
nitrogen. 

(v) On an industrial scale, nitrogen is obtained by the fractional 
distillation of liquid air. Nitrogen has a boiling point lower 
than that of oxygen; hence it boils away more readily and is 
collected and compressed in steel cylinders. 


(b) From compounds of nitrogen. (i) From ammonia. Nitrogen 
can be prepared by the oxidation of ammonia. Oxidising agents 
which are used for this purpose are cupric oxide, nitric oxide, 
sodium hypochlorite, bleaching powder and chlorine, 


The oxidation of ammonia by cupric oxide takes place in 
accordance with the equation. 


2NH;-F3CuO 2 3H,0 4-3Cu--N; 


Ammonia ispassed through a tube containing red-hot copper 
oxide. A mixture of steam and nitrogen is formed ; this mixture 
is passed through conc. H,SO, which absorbs water, and dry 
nítrogen is finally collected over mercury. 
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Very pure nitrogen is obtained when a mixture of nitric oxide 
and ammonia in the correct proportion is passed over red-hot 
copper gauze, The reaction takes place in accordance with the 
equation, 

4NH,+6NO=5N, +6H,O 
Steam is removed by passing the mixture through conc. H,80, and 
finally pure and dry nitrogen is collected over mercury. 

When a paste of bleaching powder is warmed with concentrated 
solution of ammonia, nitrogen is evolved. 

2NH ,-- 3Ca(OCI)CI » 3CaCI, -- 3H,0 +N, 

Nitrogen may be prepared by adding sodium hypobromite 

solution drop by drop into concentrated ammonia solution, 
2NH, 4 3NaOBr = 3NaBr -3H 0 4- N, 


When chlorine gas is passed into a strong solution of ammonia 
in water, nitrcgen is evolved, 
2NH +3Cl, -6HCI--N, 
HCl+ NH; =NH,Cl 
The preparation must be stopped while there is still an excess of 
ammonia, as a further reaction between chlorine and the ammonia. 
Solution will kad to the formation of dangerously explosive nitrogen 
trichloride, NCI,. 
(ii) From nitric acid. Nitric acid vapour is passed through 
a tube containing strongly heated metallic copper. Under this 
Condition, nitric acid reacts with copper, evolving ni rogen, The 
gas is passcd through strong caustic potash solution which removes 
unreacted nitric acid vapour and is then collected over water, 
5Cu-+2HNO, =5Cu0+H,O+Ny 
(iii) From ammonium dichromate. When red crystals of 
ammonium dichromate or a mixture of ammonium chloride and 
potassium dichromate is heated, nitrogen and steam are evolved, 
Ammonium dichromate decomposes violently with flashes of light. 
(NH,),Cr,O; -N,--4H204- Cr,O, 
Steam is removed by passing the mixture throvgh conc. H,8S0,, 
and nitregen is then collected by the displacement of mercury. 
(iv) From barium azide. Very pure nitrogen is obtained by 
heating barium azide in vacuo, 
Ba(N3)o=Ba+3Ny 
(v) From ammonium nitrite. Laboratory preparation. In the 
laboratory, nitrogen is prepared in moderate quantities by the 
pyrolytic decomposition of ammonium nitrite, 
NH,NO,=2H,0+N, 
I. Ch.—6 


82 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


Since this salt is very unstable and expensive, the same reaction 
is usually brought about by heating a mixture of sodium nitrite and 
ammonium chloride. 


NaNO, -+NH,Cl=NaCl+NH,NO, 
NH,NO, =N, +2H,0 


NaNO, +NH,Cl=NaCl+2H,0+N, 


Procedure. A concentrated solution of equimolecular amounts 
of sodium nitrite and ammonium chloride in water is taken in a 
round bottomed flask fitted 
with a thistle funnel and a 
delivery tube. The end of the 
thistle funnel should dip under 
the surface of the solution in 
the flask, The end of the 
delivery tube is introduced 
into a gas-jar which is filled 
with water and kept inverted 
under water in a trough. The 
flask is now gently heated and 
as soon as nitrogen begins to 
be evolved, the source of heat 


TRANNY is removed. The gas is collec- 
ted by the displacement of 
Fig. 5.2 water in which it is only very 


sparingly soluble. 

The gas thus obtained contains traces of chlorine, ammonia 
nitric’ oxide, and moisture. The gas is purified by passing it 
successively (i) through alkali solution to remove traces of chlorine, 
(ii) through concentrated sulphuric acid to remove moisture and 
ammonia, and (iii) then over heated copper to remove oxides of 
nitrogen. The gas is finally collected over mercury. 


Nitrogen prepared from compounds is free from inert gases and 
. is known as chemical nitrogen, 


The nitrogen obtained from air contains small amount of inert 
gases like argon, krypton, xenon, etc., each of which. is heavier 
than nitrogen. For this reason, nitrogen obtained from air is 
"slightly heavier than chemical nitrogen, The density of nitrogen 
obtained from air is 1:2572 and that of chemical nitrogen is 1:2505. 

Properties of nitrogen. (A) Physical properties. Nitrogen is à 
colourless, odourless gas. It is slightly soluble in water and is 
little lighter than air. The nitrogen molecule is diatomic. The gas 
does not support combustion or respiration, 


When cooled strongly under high pressure, nitrogen condenses 
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to a colourless liquid which boils at—195-8°C and solidifies to a 
white snow-like mass melting at —210°C, 


(B) Chemical properties : (i) Thermal dissociation, The 
molecules of nitrogen are peculiarly stable. It dissociates into atoms 
only at very high temperature ; only 5 per cent of the nitrogen is 
dissociated at 350°C. 

Na + 172,000 cal = 2N 

Because of this stability and high dissociation energy, nitrogen 
shows slight chemical activity ; conversely, its compounds possess 
great chemical activity. For this reason, the compounds of nitrogen 
are the most important of chemical substances. 

At ordinary temperatures, nitrogen is incapable of forming 
compounds butat high temperatures it reacts quite readily with 
certain substances. 


(ii) Reaction with metals. At high temperatures, nitrogen 
‘combines directly with certain metals such as lithium, calcium, 
boron and magnesium to form nitrides, 

6Li--N, =2Li,N (lithium nitride) 
3Ca--N, —Ca,N, (calcium nitride) 
3Mg+N,=Mg,Nz (magnesium nitride) 

These nitrides are decomposed by water with the formation of 
ammonia and metallic hydroxide. 

Ca,N,+6H'OH —3Ca(OH), --2NH, 
Mg,N; 6H:OH 2 3Mg(OH), --2NH, 


(iii) Reaction with non-metals. Nitrogen combines directly with 
hydrogen to form ammonia under the influence of electric Spark, 
Under a pressure of 200 atmospheres and in the presence of a 
Suitable catalyst, nitrogen also combines directly with hydrogen 
at 500'C to form ammonia. This process is used for preparing 
ammonia on an industrial scale. 

N,--3H, = 2NH; 

2 Nitrogen does not burn in oxygen, but when a mixture of 
nitrogen and oxygen is passed through a powerful electric arc, 
nitric oxide is formed. 

N,+03  2NO 

Nitrogen does not directly combine with halogens. 

(iv) Reaction with compounds, When calcium carbide is heated 
to about 1100°C in an atmosphere of nitrogen, calcium cyanamide 
is formed. Calcium cyanamide is commercially known as “nitrolim” 
and is used as a nitrogenous fertiliser, 


CaC, +N,=CaCN,+C 


84 A TEXI-BOOK OF HIGHER SECONDARY CHEMISTRY 


Calcium cyanamide is decomposed by steam forming ammonia. 
CaCN, +3H,0=CaCO, --2NH7 

Active Nitrogen. When nitrogen at very low pressures 1$ 
subjected to an electric discharge in a tube, an unusual. form of 
nitrogen appears. The gas continues to emit a yellow glow for 
several hours after the discharge has been stopped. At the same 
time, the chemical properties of the gas are changed ; it becomes. 
more reactive than ordinary nitrogen. It combines directly .at 
low temperatures, with sulphur, iodine and phosphorus, and with 
many metals. It also reacts with acetylene forming hydrocyanic 
acid. 

C,H,--2N 22HCN 


It also reacts with other organic compounds. It reacts with 
nitric oxide to form nitrogen dioxide. 


2NO-4-N2 NO;--N; 


This unusval form of nitrogen is called active nitrogen, The 
production of active nitrogen is catalysed by the presence of traces 


of impuritics such as oxygen, mercury vapour or certain other 
substances, 


The nature of active nitrogen has been the subject of much 
discussion. It is thought at present that the unusual reactivity of 


active nitrogen is due to the presence of free atoms and ene:getically 
excited nitrogen moleculcs. 


Uses of nitrogen. (i) Large quantities of nitrogen are used for the 
production of nitrogen compounds, notably ammonia. The maior 
use of nitrogen ccmpounds is as fertiliser. (ii) Light bulbs are 


filled with nitrogen to retard the evaporation of the white-hot 
filament. 


(iii) Nitrogen is used to-provide an inert atmosphere for certain 
metallurgical operations. 


(iv) Liquid nitrogen is used as a refrigerating agent. 

Detection of nitrogen. Because of its inertness at ordinary 
temperature, nitrogen is usvally identified in a negative way, ie, 
by its lack of response to tests for other gases. The gas is usvally 
confirmed by passing it over heated magnesium and treating the 


product with water. The formation of ammonia indicates the 
presence of nitrogen in the original gas. 


Compounds of Nitrogen 


Hydrides of nitrogen. Nitrogen forms several compounds with 
hydrogen. In these compounds, the average oxidation number of 
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nitrogen ranges from —j to —3. Three of these compounds are 
shown in table 5.1. 


Table 5.1 
Name Formula Oxidation state 
of nitrogen 
Ammonia s NH; -3 
Hydrazine N,H, -2 
Hydrazoic acid HN, -4 
AMMONIA 


Ammonium chloride, NH;CI. called sal-ammoniac was first prepared in 
Egypt from the "soot" obtained by burning camel’s dung. In 1774, 
Priestley obtained the ammonia gas by heating lime with sal-ammoniac in 
aretortand collecting it over mercury. He called it the "alkaline air". 
The formula, NH;, was established by Davy (1800) and Henry (1809). 


Traces of ammonia occur in atmospheric air and in natural water. It is 
produced by the action of putrefying bacteria on organic matter present 
in soil. In stable. the urea from the urine of animals is converted into 
ammonium carbonate by the action of bacteria : ammonium carbonate then 
‘slowly decomposes into ammonia and carbon dioxide. 


CO NH, ), +2H,O=(NH,),CO, 
(NHj),CO,=2NH, -H;0 4-CO; 

Hence, odour of ammonia is often detected near stables. Ammonium 
sulphate. (NH,),SO,, and ammonium chloride, NH,CI, are found to occur 
in volcanic districts. 

Preparation of ammonia, Ammonia can be prepared by the 
following methods : 

(i) -From oxygen compounds of nitrogen. (a) Ammonia can be 
obtained by the reduction of some oxides of nitrogen. When a 
mixture of hydrogen and nitric oxide or a higher oxide of nitrogen 
(except nitrous oxide) is passed over heated platinum, ammonia is 
obtained, 

2NO-4-5H, =2NH,+2H,O 
2NO,+7H,=2NH,+4H,O 

(b) Pure ammonia is obtained when sodium nitrate or sodium 
nitrite is heated with a solution of caustic soda and zinc or 
aluminium. Nascent hydrogen formed by the action of zinc or 
aluminium on alkali reduces sodium nitrate or nitrite, 

Zn--2NaOH =Zn(ONa), +2H 
NaNO, +8H=NaOH+2H,0+NH, 
NaNO, +6H =NaOH+H,0+NH, 


5 
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(ii) From metallic nitrides. Nitrides of active metals are 
decomposed by water to give ammonia. 
Mg,N,+6H,O=3Mg(OH),+2NH; 
AIN-3H,0 — AI(OH), +NH, 
Calcium cyanamide reacts with water to form ammonia. 
CaCN, --3H,0 2 CaCO, --2NH 

(iii) From ammoniam salts. Laboratory preparation of ammonia. 
Ammonia can be prepared by heating an ammonium salt with a 
strong base. In the laboratory, it is usually prepared by heating a 
mixture of ammonium chloride and dry slaked lime. The reaction 
1s represented by the equation. 

2NH, Cl+Ca(OH), = CaCl, +2H,O+2NH; 
Water vapour is evolved along with ammonia. 

An intimate mixture of ammonium chloride (one part) and dry 
slaked lime (three parts) is taken into a flask. The flask is then 
heated and the evolved 
ammonia is passed through 
a tower (T)containing lumps 
of quicklime, CaO, which 
combines with water vapour 
to form calcium hydroxide, 
Ca(OH),. 

CaO 4-H40 — Ca(OH), 

The gas thus dried is. 
collected by the downward 
displacement of air. It can 
also be collected over mer- 
cury. It cannot be collec- 
ted over water because the 
gas is highly soluble in it. 

Drying of ammonia. The gas cannot be dried by ordinary 
drying agents Such as concentrated sulphuric acid, phosphorus 
pentoxide and calcium chloride since these substances readily react 
with ammonia, Thus, sulphuric acid reacts with ammonia to form 
ammonium sulphate. 


HS0, -2NH, =(NH,).SO, 
Phosphorus pentoxide in presence of water vapour reacts with it 
to form ammonium phosphate. : 
P.O, +3H,0+6NH, =2(NH,);PO, 


Calcium chloride also absorbs ammonia to form the compound, 
CaCl,, SNH,. Ammonia is usually, dried by quicklime. 


Properties of ammonia. (A) Physical properties: Ammonia 
is a colourless gas with Bat smell, aan Pinter than air and 
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can be easily condensed to a colourless liquid which boils at 

— 334°C and freezes at —77'7°C. Like water, liquid ammonia is. 
a bad conductor of heat and electricity, but it is an excellent solvent 
for many electrolytes. 


The gas is extremely soluble in water—one volume of water 
absorbs about 1200 volumes of ammonia at N.T.P. The aqueous. 
Solution of the gas is alkaline. A concentrated solution of ammonia. 
is known as liquor ammonia fortis. The solubility of ammonia gas 
may be demonstrated by the fountain experiment. 


A large dry round bottomed flask is filled with ammonia by the 
displacement of air and fitted with a rubber 
stopper through which pass a long glass tube 
ending in a jet inside the flask and a dropper. 
The flask is inverted with the tube dipping 
in water in a beaker (fig. 5.4). A few drops 
of water are introduced into the flask by 
means of the dropper. The water dissolves 
some of the ammonia gas, creating a partial 
vacuum which permits water from the beaker 
to be forced upward by the atmospheric 
pressure into the flask. Water rushes out of 
the jet like a fountain until the flask is full. 


(B) Chemical properties: Ammonia is 


Fig. 5.4 


chemically active and is used widely in both the gaseous and liquid 
States. 


(i) Thermal stability. Ammonia is not very stable to heat and 
decomposes into its elements almost completely at 700°C. 

2NH,=N, +3H, 

(ii) Reaction with active metals, When ammonia gas is passed 
over heated sodium or potassium, hydrogen is liberated and 
Sodamide or potassamide is formed. In this Teaction, hydrogen is. 
displaced by a metal and ammonia gas displays acid rather than 
basic properties. 

2Na+2NH, =2NaNH, +H, 
2K +2NH, =2KNH, +H, 

Sodamide or potassamide is hydrolysed by water forming 
ammonia and caustic soda or caustic potash. i 

NaNH,+H,O=NH,+Na0H 
KNH,+H,O=KOH+NH, 
. However, when magnesium is heated in ammonia gas, magnesium 
nitride is formed. 
"5 8Me42NHB, - Mg;Ni 4-3H; í 
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Similarly, with lithium, lithium nitride is formed. 

6Li+2NH, =2Li,N+3H, 

(iii) Reaction with non-metals. (a) Ammonia does not readily 
burn in air, but burns in oxygen with a yellow flame, forming water 
and nitrogen. A mixture of ammonia 
and oxygen explodes when kindled. The 
ability of ammonia to burn in oxygen is 
due to its instability towards heat : 


4NH,  =2N,+6H, 


3 


Catton 6H, +30, =6H,0 


4NH, +30,=2N,+6H,O 
When a mixture of ammonia and air is 
passed over a platinum gauze heated to 
7-0: 500°C, ammonia is oxidised to nitric 
Fig. 5.5 oxide. 


NH, 


4NH, +50, =4NO+6H,O 
This reaction is employed in the manufacture of nitric acid from 
ammonia. 
(b) Ammonia reacts with chlorine ; ammonium trichloride and 
hydrochloric acid are formed if chlorine is in excess 
NH, +3Cl,=NCl,+3HCL 
Nitrogen trichloride is an oily liquid which decomposes into its 


elements with violent explosion on heating above 90°C (or on 
percussion ). 


When ammonia is in excess, chlorine merely removes hydrogen 
and liberates nitrogen. 
2NH;--3Cl, —N,--6HCI 
6HC1+6NH, 2 6NH,CI 


8NH,+3Cl, =N,+6NH,Cl 
Bromine reacts with ammonia in a similar manner. 
When a concentrated solution of ammonia is treated with iodine, 
a dark brown precipitate of nitrogen iodide is form-d. The dark 
brown pricipitate is a mixture of Nl, with NHI, and NHL 
Nitrogen iodide is extremely unstable and explodes, when dry, at 
the slightest touch. 
Ammonia is oxidised by bleaching powder to nitrogen. 
3Ca(OCl)Cl+2NH, = 3CaCl, --3H,0 +N. 
(iv) Reaction with compounds. (a) Reducing property. Ammonia 
gas, because of its instability to heat, is an excellent reducing agent 
and will free a number of metals from their oxides. Thus, when a 
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stream of the gas is passed over cupric oxide heated in a hard glass 
tube, copper oxide is reduced to copper and ammonia is oxidised to 
nitrogen. 
2NH, -N,4-3H; 
3Cu0+3H, =3Cu+3H,0 


2NH, + 3Cu0=N,.+3Cu+3H,O 

Lead monoxide is reduced by ammonia to lead. 

3PbO+2NH, =3Pb+N.+3H,O 

Similarly, ammonia reduces potassium permanganate at ordinary 
temperatures, 

2NH, --2KMnO, =2KOH+2Mn0, --2H,0-- NS 

(b) Reaction with carbon dioxide. When 2 volumes of 
ammonia gas and 1 volume of carbon dioxide are mixed, ammonium 
carbamate is produced ; ammonium carbamate then decomposes 
to urea and water. 

2NH,+CO, = NH,'COONH, 
(ammonium carbamate) 
NH,CO.ONH, — CO(NH5), --H,O 

In presence of water, ammonia reacts with carbon dioxide to 

form ammonium carbonate. 
2NH;-- CO; --H,0 - (NH4),CO; 

(c) Addition. In the ammonia molecule, three out of five 
outermost electrons of nitrogen atom are shared with three hydrogen 
atoms ; a pair of electrons remains unshared. Hence, the ammonia 
molecule forms co-ordinate covalent unions with a number of ions 
and molecules which can accept a pair of electrons. Thus, with 
acids it reacts to form ammonium salts in which the ammonium 
radical, NH,*, plays the part of a positively charged univalent 
metal ion. It combines directly with hydrochloric and sulphuric 
acids to form ammonium chloride and ammonium sulphate : 


+ 


H H 
H* ie + X 
*NXH + H-| HXNXH 
H { 
NH, + HCl = NH,CI 
2NH, + H5S$0,- (NH4),SO, 
Ammonia also adds to di- and trioxide of sulphur and boron 


trifluoride : 
NH, + BF, = H,N->BF, 
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When dissolved in water, ammonia partially forms ammonium 
hydroxide. Ammonium hydroxide dissociates partially into NH,* 
ion and OH- ion. 

NH, +H,O=NH,OH=NH,++OH- 

The solution of ammonia in water feel and taste soapy and act 
weakly basic. It precipitates many metallic hydroxides from solu- 
tions of their salts. 

FeCl, +3NH,OH =Fe(OH), +3NH,Cl 
ZnCl, +2NH,OH = Zn(OH), +2NH,Cl 
AlCl; +3NH,OH= Al(OH), -+3NH,Cl 

Upon neutralisation with acids, solutions of ammonia yield 
ammonium salts. Because of these properties, it is thought that 
there are established hydrogen bonds between ammonia and water 

ipoles. 


(d) Anhydrous calcium chloride, zinc chloride, etc., form addition 
compounds with ammonia, viz, CaCl;,, 8NH, ; ZnCl,, 8NH;. 

Complex compound formation. Ammonia combines with many 
metallic ions because of the ability of the nitrogen atom in ammonia 
to share its unused pair of electrons to form complex ions. 

(i) When a solution of ammonia in water (NH,OH) is added 
to copper sulphate solution a pale blue precipitate of basic copper 
sulphate is first formed. This redissolves in excess of ammonia 
because of the formation of the complex cuprammoniun hydroxide. 

*2CuSO,+2NH,OH=CuSO,, Cu(OH), T (NH,)s SO, 
CuSO,, Cu(OH), --(NH,),SO, --6óNH,OH 
=2/Cu(NH,), |SO,+8H,O. 

(ii) When ammonium hydroxide is added to silver nitrate 
solution, precipitate of silver oxide is first formed. On adding 
excess of ammonium hydroxide, the precipitate dissolves forming 
argento ammonium hydroxide. 

2AgNO,+2NH,OH=Ag,0+H.0+2NH,NO, 
Ag,0+4NH,OH = 2/Ag(NH,), ]OH+3H,O 

(ii) When a solution of ammonia in water is added to silver 
chloride suspended in water, silver chloride dissolves completely 
forming a clear solution of argento ammonium chloride. 


** AgCI --2NH,OH -[Ag(NH,), ]Cl-- H,O 


* Explanation: CuSO,+2NH,OH=Cu(OH),+(NH,),SO, 
Cu(OH),=Cu** + 20H- 
Cu** +4NH,=[Cu(NH;),]** 
** Explanation: AgCl=@Ag*t+Cl- 
2NH,OH=(2NH, +2H,0) 
Ag*+2NH,=[Ag(NH,),]* 
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(iv) When ammonium hydroxide is added to a solution of zinc 
sulphate or zinc chloride, white precipitates of zinc hydroxide is first 
formed. This redissolves in excess of ammonia because of the 
formation of soluble zinc tetramino hydroxide, 

*ZnSO,+2NH,OH=Zn(OH), +(NH,).SO, 
Zn(OH), +-4NH,OH =[Zn(NH4),4](OH),+4H,O 

(v) When ammonium hydroxide is added to the solution of 
mercuric chloride, white precipitates of amminomercuric chloride 
are formed. 

HgCl, +2NH,OH = Hg(NH,)Cl+NH,Cl+2H,O 

(vi) When mercurous chloride comes in contact with ammonia, 
it blackens due to the separation of particles of mercury. 

Hg;Cl, +2NH,OH=Hg(NH,)Cl+Hg+NH,Cl+2H,0 

Uses of ammonia, (i) Almost all industrial ammonia is used 
in the production of other nitrogen compounds. Fertilisers such 
as ammonium sulphate, ammonium phosphate, urea and nitro- 
chalk (one part CaCO.. to one part NH,NO, by weight) are 
manufactured from ammonia. Nitric acid, nitrates and nitrites. 
are also extensively manufactured by processes which depend 
upon the aerial oxidation of ammonia to oxides of nitrogen 
(Ostwald process. Ammonia is also consumed in the manufacture 
of sodium carbonate by Solvay process. 


Ammonium nitrate is an important explosive and is commonly 
used in conjunction with picric acid for filling shells. It is also à 
component of many kinds of dynamite. Ammonium chloride, 
NH,CI, is used in dry cells, in dyeing industry, in textile printing, 
and in soldering and tin plating. The action of ammonium chlo- 
ride in soldering is due to the fact that ammonium chloride when 
heated decomposes into ammonia and hydrochloric acid. Hydro- 
chloric acid dissolves metal oxides forming metal chlorides which 
volatilise away. The metal surface thus becomes clean and the 
solder adheres well to the clean surface. 


(ii) Liquid ammonia is used as an industrial source of hydro- 
gen. It is transported in cylinders and is then decomposed into. 
its elements by an electrically heated catalyst to give a cheap supply 
of hydrogen. (iii) Aqueous ammonia solution is used as a reagent 
in chemical laboratories. Tt is used in chemical plants as weak 
volatile base. They find applications also in medicine and in home, 
(iv) Since the evaporation of liquid ammonia is accompanied 
by the absorption of a large amount of heat (327 cal. per gram), 
liquid ammonia is used as a refrigerant, 


» Explanation: ZnSO,+2 NH,OH=Zn(OH),+(NH,);SO, 
Zn(OH),3Zn*+-+20H7 
4NH;OH -(4NH; -4H,0) 
Zn** +4NH,=[Zn(NH,),)** 
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Detection and estimation of ammonia, Ammonia is detected 
qualitatively by the following tests: (i) It is characterised by its 
‘pungent smell and its action on litmus paper (it turns red litmus 
paper blue). (ii) It forms dense white fumes with gaseous hydrogen 
chloride. (iii) Ammonia gas blackens a strip of paper moistened 
with mercurous nitrate solution. (iv) The presence of traces of 
ammonia or ammonium salts in water is detected by the addition of 
Nessler's reagent (it is an alkaline solution of potassium mercuric 
iodide, K, HgI, prepared by adding potassium iodide to a solution 
-of mercuric salt till the precipitate first formed redissolves). A 
yellow to orange yellow colouration ora precipitate is obtained. 
"This is the most sensitive test for ammonia and ammonium salts. 


Ammonia is estimated by titration against a standardised acid 
using methyl orange as indicator. The ammonia in ammonium salts 
is estimated by distilling the salt with excess of scdium hydroxide 
and passing the distillate into a known volume of standard acid. 
"The excess of acid is then estimated by titrating it with standard 
alkali. The amount of ammonia contained in ammonium salts can 
be then calculated. 


Ammonium salts. Ammonia is a weak base, but it can be neu- 
‘tralised by acids. If the neutralised ammonia solutions are evapo- 
rated, solid crystalline substances separate out. These s ‘bstances 
which possess all the properties of typical salts are called ammo- 
nium salts. Ammonium salts can be formed not only by neutra- 
lising aqueous ammonia solutions but also by direct union between 
‘gaseous ammonia and anhydrous acids, For example : 


NH,+HCI=NH,Cl. 


Most of the ammonium salts are white crystalline solids which 
are ionic in character. They are soluble in water in which they 
behave as strong electrolyte. In solution, they dissociate com- 
pletly into ammonium ion, NH,* and a negative ion. Thus 
ammonium chloride when dissolved in water, dissociates as 


NH,CISNH,*--Cl- 


The ammonium ion, NH,*, is a compound positive ion which 
closely resembles the ion of alkali metal, potassium. Hence, the 
ammonium salts are often very similar to and isomorphous with 
the corresponding salts of alkali metals, p'rticularly. potassium. 
The chief points of difference are the volatility and the instability 
of ammonium salts upon being heated and their decomposition into 
ammonia when warmed with a base. When heated, ammonium salts 
‘dissociate quite readily into ammonia andan acid. For instance : 


NH,Cl=NH, --HCI 
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Among the ammonium salts only nitrate and nitrite do not 
undergo dissociation, but decompose when strongly heated. Thus, 


NH,NO,=N,0+2H,0 ; NH,NO,=N,+2H,O 
When an aqueous solution of ammonium salts is treated with:‘am 
alkali, smmonia is evolved : 
(NH,),.SO,+2NaOH=Na,SO,+2NH,+2H,O 
Numerous attempts to isolate NH, as a neutral entity have: 
faikd. Free ammonium shoud have possessed the properties of 
a metal. Its metallic nature is shown by the formation of an 
urstable ammonium amalgam which is very much like the amal- 
gams of the alkali metals. 


The formation of ammonium ions as a result of the reaction 
between ammonia and acids or water is due to the structure ‘of’ 
ammonia molecule which can be reprcsented as follows : 


H 
X 
H*N: 


LET 


H 
Thus, out cf five electrons of nitrogen available ‘for sharing, 
three elceirors form pairs with hydrogen electrons and a pair of 
elcctrors remains “free”. Hydrogen ion which is deprived of its 
electron can, therefore, add to nitrcgen at the expense of this pair ;. 
after acdition, beth electrons beccme common to nirogen and 


hydrogen. The above process can be represented by the following: 
scheme : 


H H + 
H*N: + [Ht]>| H*N:H 


H H 


Ammenium chloride or sal-ammoniac, NH;Cl. It was first 
prepar d by Arabs asa sublimate frem the distillation of cemei’s. 
durg. Tt can be prepared by neutralising emmonia solution with 
hycrockloric acid. It is prepared by heatirg a mixture of sodium 
chloride and ammonivm sulphate ; ammonium chloride formed: 
sublimes and collects as a sublimate. 


(NH4),SO, +2NaCl=2NH,Cl+Na,SO,. 

Ammonium chloride is manufactured by neutralising ‘the 
ammoniacal liquor of the gasworks with hydrcchloric acid and 
evaporating the resulting solution until crystallisation occurs.; The 
crude product is purified by sublimation. 

Ammonium chloride is a white crystalline solid having a sharp 
saline taste. It is highly soluble in water ; its solution in water is 
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accompanied by the absorption of heat. When heated, its molecule 
is dissociated into ammonia and hydrogen chloride. 
NH4CIz:NH ,4- HCl 

Ammonium sulphate, (NH,),SO,. It is the most important 
‘commercial salt of ammonia. The salt is prepared by passing 
ammonia gas into 60 per cent sulphuric acid and evaporating the 
resulting solution until crystallisation occurs. It is prepared 
industrially on a large scale by passing synthetic ammonia into a 
suspension of gypsum ( calcium sulphate ) through which carbon 
dioxide is aiso passed. A precipitate of calcium carbonate is 
obtained while ammonium sulphate remains in solution : 

2NH,+CaSO,+CO,+H,O=CaCO;+(NH,),SO, 

It is also manufactured by passing ammonia gas obtaincd from 
‘“ammoniacal liquor” of gasworks or coke-ovens, into sulphuric 
acid. 

Ammonium sulphate is a transparent crystalline solid, isomor- 
phous with potassium sulphate, It is readily soluble in water. 

It is used as a reagent in the’ chemical laboratory and as a 
source of other ammonium compounds. It is one of the most 
valuable fertilisers. 

Ammonium carbonate or sal volatile, (NH,),CO,. Ammonium 
carbonate is prepared by subliming a mixture of chalk (calcium 
carbonate ) and ammonium chloride or ammonium sulphate. 

(NH,).SO0,+CaCO, — (NH ,),CO; +CaSO, 

The sublimate so obtained always contains some bicarbonate, 
NH,HCO, and carbamite NH,.CO.ONH,. Ammonium carba- 
mate when dissolved in water is decomposed into ammonium 
carbonate, 

NH,CO.ONH, --H,O —(NH,),CO; 

so that solutions of the solid product contain ammonium 
carbonate. 

Ammonium 'carbonate is used as a reagent in the laboratory and 
in the manufacture of smelling salt, rubber-accelerators and fire- 
extinguishing compounds. 

Ammonium nitrate, NH,NO,. It is prepared by neutralising 
nitric acid with ammonia : 

NH,;+HNO,=NH,NO, 
It is also prepared by the double decomposition of ammonium 
sulphate and calcium nitrate or sodium nitrate in aqueous solution. 
(NH ,).SO4+Ca(NO,).=2NH,NO,+CaSO, 
(NH,).S0,+2NaNO, =2NH,NO,-+Na,.SO, 
The precipitated calcium sulphate is filtered off and ammonium 
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nitrate is crystallised. When sodium nitrate is used, sodium sulphate 


erystallises out first from the hot solution, and ammonium nitrate 
separates on cooling. 


_ Ammonium nitrate is a white crystalline solid and readily 
dissolves in water with the absorption of much heat. It decom- 
poses, when heated, into nitrous oxide and water : 

NH,NO, =N,0+2H,O 


Ammonium nitrate when stored in bulk is liable to detonation 
with disastrous results. High explosives can be prepared by 


mixing ammonium nitrate with trinitrotoluene (T. N. T.) or picric 
acid. 


Ammonium nitrite) NH,NO,. It is prepared by mixing the 
Solutions of equimolecular quantities of sodium nitrite and ammo- 
nium chloride and evaporating the resulting solution in vacuum 
at 60°C. 


NH,Cl+ NaNO, =NH,NO, + NaCl 


The salt is explosive and deliquescent. It decomposes when 
heated, into nitrogen and water : 


NH,NO, =N,+2H,0 


Ammonium sulphide (NH,),S. When hydrogen sulphide is 
passed through fairly concentrated ammonia Solution, the resul- 
ting liquid contains a mixture of ammonium hydrosulphide 
(NH,)HS and normal ammonium sulphide (NH,)oS. Normal 
ammonium sulphide is also obtained by saturating concentrated 
ammonia solution with hydrogen sulphide, keeping the solution 
cold. 

NH, +H,S=NH,HS 
NH, -- NH,H$ 2 (NH,),8 

“Yellow ammonium sulphide” is prepared by dissolving 
flower of sulphur in ammonium sulphide solution ; the resulting 
solution contains ammonium  polysulphide (NH,),S,. Yellow 
ammonium sulphide solution is used in qualitative analysis, 


Ammonium thiocyanate, NH,SCN. It is prepared by the action 
of a solution of ammonia in a 50-50 mixture of alcohol and water 
upon carbon disulphide, CS,. The thiocarbamate is first formed ; 
this is decomposed into ammonium thiocyanate when its solution is 
evaporated : 


2NH; 4- CS, - NH,SCN-H,S 


It is used as a chemical reagent and in d 
vent the injurious action of iron salts. 


Other salts of ammonia of importance are Phosphate, fluoridi 
bromide, iodide, and oxalate. anion 


yeing industry to pre- 
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OXIDES OF NITROGEN 


Nitrogen forms six oxides as shown in table 5.2 


Table 5.2 
Oxidat'on number 
Name Formula ot bitrogen 
Nitrous oxide +1 
Nitric oxide +2 
N tr: gen trioxide +3 
Nitrogen dioxide +4 
Nitrogen tetroxide 44 
45 


Nitrogen pentoxide 


AIL the oxides of nitrogen are endothermic and, therefore, in 
principle, are unstable at low temperature. They can all be obtained 
from nitric acid and its salts. Only the oxides which are included 
in the syllabus are-discussed here. 


Nitrous Oxide, N5O, 


The gas was discovered by J. Priestley in 1772 who made it by reducing 
nitric oxide with moist iron filings: 


2NO--H,O Fe 2N,O 4 Fe(OH)s 
H. Davy, in 1799. prepared the nearly pure gas by heating ammonium 
nitrate and noticed the physiological effect that gave rise to the name 
laughing gas. 

Preparation of nitrous oxide, (i) From ammonium nitrate. 
Laboratory method, In the laboratory, nitrous oxide is prepared by 
heating ammonium nitrate : 

NH;NO,=N,0+2H,O 
Above 250°C, ammonium nitrate decomposes explosively, In order 
to avoid the risk of explosion, a mixture of sodium nitrate and 
ammonium sulphate is heated when evolution of nitrous oxide takes 
place more slowly and uniformly. 
(NH,).SO,+2NaNO, =Na,SO,+2NH,NO, 


2NH,NO; =2N,0 +4H,0 


(NH,),SO, +2NaNO, =Na,SO,+4H,0+2N.,0 
A mixture of ammonium sulphate and sodium nitrate is placed 
in a round bottomed flask fitted with a deliv.ry tube. The flask is 
heated gently ; nitrous oxide evolved passes throt gh the delivery 
tube and is collected over hot water, because the gas is perceptibly 
soluble in cold water. 


Purification, Nitrous oxide thus prepared contains nitrogen, 
Nitric oxide, moisture and chlorine. It is purified by passing it 
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successively (a) through a solution of ferrous ‘sulphate to remove 
nitric oxide ; (b) through caustic soda solution to remove chlorine 
and(c) through concentrated sulphuric acid to remove moisture. 
The purified gas is then collected over mercury. The gas stiil 
contains a little nitrogen, 

(ii) From nitric acid, Nitrous oxide may be prepared by 
treating copper or zinc with dilute nitric acid or by reducing 
nitric acid with stannous chloride, 

4Zn+) OHNO, —-4Zn(NO.),--5H,O--N,O . ` 
4SnCl, +2HNO, + 8HCI 2 4SnCI, --5H ,O-- NO. 

(iii) From hydroxylamine hydrochloride. Very pure nitrous 
oxide is obtained by mixing equimolecular solutions of hydroxy- 
lamine hydrochloride and sodium nitrite. 

NH, OH,HCI 4- NaNO, = NaCl+N,0+2H,O 

(iv) By direct synthesis. Nitrous oxide is formed with diffi- 
culty by direct synthesis. It may be formed by passing electric 
discharge through a mixture of nitrogen and oxygen at low pressure, 
The reaction is highly endothermic, 

2N,+0, =2N,0 

Properties, (A) Physical properties: Nitrous oxide is a 
colourless gas with a faint swectish odour and taste, and is heavier 
than air, It dissolves fairly well in cold water without Teacting 
chemically, The solution in water has a sweetish taste. It is more 
soluble in alcohol, 


The gas liquefies at 0°C under a pressure of 30 atms. The 
liquid boils at —89:5'C and freezes to a snow-like mass when 
allowed to evaporate. The solid nitrous oxide melts at — 102:4*C. 
When breathed for a short time, the gas causes hysteric laughter, 
this cff ct led to the use of the name Laughing gis for the substance, 
Longer inhalation causes unconsciousness and finally death. 

(B) Chemical properties: Nitrous oxide decomposes into 
nitrogen and oxygen at clevated temperatures. 

2N,0=2N,+0, 

For this reason, a glowing splint when lowered into nitrous oxide 
bursts into flame much as it does in pure oxygen, Ignited phos- 
phorus, sulphur, charcoal, etc., bura vigorously into nitrous oxide 
liberating nitrogen : 

5N,0+2P =P,0,+5Ny ; 2N,04+S= SO,+2N, 
C+2N,0=CO,+2N,. 
Metals like sodium, potassium, iron, and magnesium when 
heated with the gas burn brilliantly, liberating nitrogen : 
2Na--N,O =Na,O+N, ; Cu+N,O0=Cu0+N, 
Mg+N.O0=Mg0O+Ng. 
I. Ch.—7 
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“In these reactions, nitrous oxide is first decomposed into 


nitrogen and oxygen by heat; the burnin; 


with oxygen, leaving nirogen as a residue. 
is not sufficient to decompose the gas, then it fails to act as a 
supporter of combustion. Thus, when feebly burning sulphur is 
introduced into a jar of nitrous oxide, it is extinguished because 
the temperature is not high enough to decompose the gas. 


The following properties serve to distinguish nitrous oxide from 


oxygen : 
Properties” 

(1) Smell 

(2) Density (H=1) 

(3) Solubility in 
(a) water 


(b) Alcohol 


(4) Treatment with 


Nitrous oxide 
Faint sweetish odour 
22 
Appreciably soluble in 
cold water. 100 c.c. 


of water at N.T.P. dis- 
solves 130 c.c. of the 


gas. 

Appreciably soluble 
in alcohol. 100 c.c. of 
alcohol at N.T.P. dis- 
solves 418 c.c. of the 
gas. 

-The gas is not absor- 


alkaline pyroga- bed 


Ilate solution. 
(5) Treatment with 
ammoniacal cu- 
prous chloride 
solution, 
(6) Treatment with 
© nitric oxide. 


White phospho- 
rus is burnt in 
the two gases 


(”) 


No reaction. 


No reaction, 


(i) White phosphorus 
burns vigorously in 
the jar. 


B body then combines 
If the heat produced 


Oxygen 
odourless 
16 
Very slightly soluble 
in water. 


Moderately but much 
less soluble than 
nitrous oxide. 


The gas is readily 


absorbed. 


The gas is absorbed 
in the solution giving 
blue colour. 


Brown fumes are 

produced due to the 

formation of NO,. 

(i) Phosphorus burns 
brilliantly. 


containedintwo 
jars; 
After. combus- - (ii) Water does not rise (ii) Water rises up 
tion the jars into the jar because and occupies the 
, are. inverted during burning equal. whole volume of the 
over water. volumes of nitrogen jar since oxygen is 
are liberated. completely, absorbed 
5N,0+2P=P,0,+5N,_ by phosphorus. 
(5 vols) | (vols) 50,+4P =2P,0, 
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^ Uses. The gas mixed with oxygen or air is used: as-a general; 
anaesthetic for minor operations, 


Nitric Oxide, NO 


J..Mayow in 1669 obtained nitric oxide butit was first recognised as a 
distinct gas ‘by Priestley in 1772. Priestley prepared it by the action of 
dilute nitric acid on copper or mercury and called it “nitrous air”. 

Preparation of nitric oxide. Nitric oxide can be prepared by 
the following prosesses : 

: (i) By the direct combination of nitrogen and oxygen, Nitric 
oxide is formed in small quantities from nitrogen and oxygen at very 
high temperatures, : 

It is also produced by the action of an electric discharge in air. 
The oxidation is an endothermic process : ‘lige: 
Ng+O,=2NO — 432 kcal. - b à 

` (i) From potassium or sodium nitrate, Pure nitric ‘oxide is’ 
Prepared by heating a mixture of powdered potassium nitrate, 
saturated solution of ferrous sulphate and conc. sulphuric acid.in a 
flask. The gas evolved is collected over mercury. ; ei obixo 
6FeSO, + 2KNO, +4H,SO, &3Fe,(SO,), +2NO+4H,0+KySO, - 

Nitric oxide can also be prepared by heating a solution. of 
ferrous chloride mixed with hydrochloric acid and sodium nitrate; 
3FeCly +NaNO s --4HCl e 3FcCl, TNAICLH-2H,0-- NO. r 

* (iii) Pure nitric oxide results when mercury’ is sfiükert with 
potassium nitrate or nitric acid and concentrated sulphuricweid, 

, 6Hg+2HNO, +3H,SO, =3Hg,SO, t*2NO-4H,O nt 

| GHg+4H SO, +2KNO, = 3Hg,SO, +K SO, +2NO-+4H,0 nae 

(iv) From sodium nitrite, Highly pure nitric oxide* can be 
prepared by dropping a 50 per. cent solution of sulphuric acid upon 
A mixed solution of potassium iodide and sodium nitrite,. * esti 

2KI--2NaNO, 4-2H,S0, «K,50, -- Na5S0 4-1; 4- 2H;04-2NO : 

(v) From nitric acid. Laboratory preparation; In the A 
laboratory, nitric oxide is prepared by the action of copper" türfings 
on cold dilute nitric acid : _ oe SRG Sailr 

3Cu+8HNO, = 3Cu|NO,), 3:4H,0 3-2NÓ din 

Copper turnings are taken into a flask fitted with a thistle funnel 
and a delivery tube (fig. 5.6). A mixturé ‘of equal volumes of 
concentrated nitric acid and water is ‘poured ín: through the funnel, 
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the reaction at once sets in and the bottle is filled with brown fumes. 
due to the reactions of nitric 


oxide with atmospheric oxygen 
inside the flask : 


_ NO--0, 22NO; 


The brown fumes of NO, 
are readily soluble in water 
wheteas nitric oxide is not; 
hence the flask soon clears. Nitric 
oxide is then collected by the 
displacement of water in which 
Fig. 5.6 it is almost insolube. 


Purification. The gas thus prepared contains nitrogen, nitrous. 
oxide and NO,. The gas is purified by absorbing it in a strong 
solution of ferrous sulphate when dark brown compound FeSO,*NO 
is formed. This dark brown solution, on being ‘heated, evolves 
nearly pure nitric oxide which is dried by passing the gas through 
concentrated sulphuric acid. The gas is then collected over mercury, 


Properties of nitric oxide, (A); Physical properties: Nitric 
oxide is a colourless gas and little heavier than air. It is sparingly 
soluble in water and does not react with it chemically, One volume 
of water will dissolve only 0°07 volume of NO at 0°C. 

The gas is very difficult to condense ; liquefies at —93°5°C under 
a pressure of 71:2 atmospheres to a colourless liquid. The liquid 
boils at —150°C and freezes at —160*C to white solid. 

It is readily solube in solutions of ferrous sulphate, giving a 
dark brown liquid containing the unstable compound FeSO ,.NO. 

(B) Chemical properties: (i) Stability to heat. Although the 
gas is endothermic, it does not decompose unless heated to about 
1000°C. It is one of the most stable oxides of nitrogen. 

2NO=N,+0, 

Hence, the gas is not a ready supporter of combustion. Burning 
charcoal and sulphur are extinguished when plunged into the gas 
but vigorously burning phosphorus will continue to burn, 

(ii) Reaction with metals. Nitric oxide is reduced to nitrogen 
by strongly heated metals such as sodium, potassium, copper, irons. 
nickel and magnesium. 

2NO+4K =2K,0+N, ; 2Cu--2NO 2 2CuO 4- NS 
2Ni--2NO —2NiO-4- N, ; 2NO+2Fe=2FeO+N, 
2Mg--2NO 22MgO +N; 

(iii) Reactions with non-metals, (a) The -most characteristic 
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property of nitric oxide is its ability to react with oxygen without 
‘being heated, forming brown nitrogen dioxide. 
2NO+0, =2NO, 

For example, if a cylinder filled with nitric oxide is opened, 
‘brown fumes immediately appear at its mouth, 

(b) When nitric oxide is sparked with hydrogen, nitrogen is 
produced. 

2NO+2H, =N,+2H,O 

But ifa mixture of nitric oxide and hydrogen is passed over a 
‘catalyst such as platinum, ammonia is formed. 

2NO+5H, =2NH;+2H,O 

Hydroxylamine is formed when nitric oxide is reduced by tin 
and hodrochloric acid, 

2NO+6H=2NH,OH 

(c) Nitric oxide combines with chlorine in presence of charcoal 
to form nitrosyl chloride. 

2NO+ Cl, =2NOCI 

With bromine it forms nitrosyl bromide and nitrosyl tribromide. 

2NO- Br, =2NOBr ; NOBr4- Br, =NOBr, 

Iodine oxidises nitric oxide to nitric acid. 

2NO+ 3I, +4H,O0=2HNO, +6HI 

(d) Vigorously burning phosphorus, charcoal, and sulphur will 
continue to burn in the gas. 

4P--10NO — 2P50,; 4-5N., 
2NO+C =N,+CO, 

(iv) Reaction with compounds, (a) Nitric oxide reacts slowly 
with concentrated aqueous potassium hydroxide, forming nitrous 
oxide. 

4NO +2KOH=N,0+2KNO,+H,O 

(b) It is oxidised by powerful oxidising agents such as 
potassium permanganate. 

6KMnO, +10NO+9H5SO, 

= 10HNO, 4-3K,SO, -- 6MnSO, --4H,O 

Sulphurous acid (or sulphur dioxide in presence of water) 
reduces nitric oxide to nitrous oxide. 

2NO+H,SO, =N,0+H,SO, 

(c) The gas isreadily solube in alkaline solution of sodium 
sulphite, the solution contains dinitrososulphite. 

Na,SO, +2NO=Na,(NO),SO, 
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When this solution is acidified, nitrous oxide is evolved. 
Na,(NO),SO, =Na,SO,+N,0 ' 

(d) A mixturc of nitric oxide and vapours of carbon disulphid 
produced by shaking a few c.c. of carbon disulphide ina jar of 
nitric oxide, when kindled, burns with a brilliant blue flame. 

2CS,4- 10NO =2C0+4S0, --5N, 

Tests. (i) Itforms brown fumes with oxygen of the atmos- 
phere. (ii) With ferrous sulphate solution it forms an unstable dark 
brown liquid. 

Uses. In the manufacture of sulphuric acid by chamber process, 
nitric oxide is employed as a carrier of oxygen. 


Nitrogen dioxide, NO, 


In 1671, R. Boyle found that nitric oxide formed brown fumes in air. 
The mentioning ot these brown fumes :s found in alchemical writings 
as "the blood of the salamander”. Dulong in 1816 prepared liquid 
nitrogen dioxide, NO,, by cooling a mixture of nitric oxide and oxygen 
(2:1), Graham called the gas “nitrogen peroxide”. 

Preparation. (i). From nitric oxide, When a mixture of 
2 volumes of nitric oxide and 1 volume of oxygen is passed slowly 
through a U-tube kept immersed ina freezing mixture, nitrogen 
dioxide is obtained as a yellow liquid in the U-tube. 

2NO+ 0, =2NO, 

(ii) From nitric acid, Nitrogen dioxide is formed by the action 

of concentrated nitric acid on copper. 
Cu-F4HNO; 2 Cu(NO ), +2NO, +2H,0 

(iii) From nitrosyl hydrogen sulphate. When nitrosyl hydrogen 
sulphate is heated with dry potassium nitrate, nitrogen dioxide 
is evolved. 

NO'HSO, --KNO; =2NO;+KHSO, 

Nitrosyl hydrogen sulphate is prepared by passing sulphur 
dioxide slowly into fuming nitric acid in a stoppered retort cooled 
in a freezing mixture, 

$0,--HNO, = NOHSO, 

(iv) From lead nitrate. Laboratory preparation. In laboratory, 
nitrogen dioxide is prepared by heating lead nitrate. 

2Pb(NO,), 2 2PbO--4NO, +0, 

Dry powdered lead nitrate is heated in a hard glass test tube 
(fig. 2.4) when a mixture of nitrogen dioxide and oxygen is evolved. 
The mixed gases are passed through a U-tube cooled in a freezing 
mixture. Nitrogen dioxide condenses in the U-tube as a pale yellow 
liquid and oxygen passes out. 
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Properties. (A) Physical properties: Nitrogen dioxide is a 
brown gas having a stong and pungent odour and an acid taste. 
The gas is very poisonous, When cooled, the gis readily condenses 
to a pale yellow liquid boiling at 22°C, When the liquid is cooled 
at —10°C, it solidifies to colourless crystals. The solid consists of 
dinitrogen tetroxide, N,0,, which is formed due to the reversible 
“association” of nitrogen dioxide. 

2NO, = N,0, 4-129 kcal 
2 vol. 1 vol. 
The association is an exothermic process and hence is favoured 
by the decrease of temperature, 
Since there is a decrease in. volume 1 
the association is also favoured by I 
the increase of pressure. Since 
N,O, is colourless the gas becomes $ 60. 
lighter in colour at low tempera. = 
tures, At the boiling point, the i 
gas is about 80 per cent N50, ; at 
60'C, NO, and N,O, are present 
in almost equal quantities ; at 20 80 140 
140°C the gas consists almost Temperature, °C 
entirely of NO,. . This behaviour is Fig, 5.7 
due to the increasing dissociation of N,O, with increasing tem- 
s perature (fig, 5.7). 
N20, = 2NO, 
6 


20 


When nitrogen dioxide is heated 
above 154°C, it begins to dissociate 
into nitric oxide and oxygen, This 

jo dissociation is highly endothermic and 
is favoured by the increase of tempera- 
150° 375 6 ture, Above 620°C the dissociation is 
Temperature*C complete (fig. 5.8) 
Fig. 5.8 2NO,z2NO +0, — 27:1 kcal. 
These changes can be summarised as follows : 


-10*C 22°C 60°C 140°C 620°C 
N,0, = N,O, = NO, = (NO,--N,O,) = 2NO, = 2NO+0; 
(solid) (liquid) (vapour, lin equal 
80%) amount) 


(b) Chemical properties: (i) Reaction with metals, Potassium 
when heated in nitrogen dioxide, inflames and reduces it to nitric 
oxide. K+2NO,=KNO,+NO 

Heated metals such as sodium, iron or copper reduce it to 
nitrogen. 4Cu+2NO,=4Cu0+N, 

Lead is oxidised by nitrogen dioxide to lead monoxide. 

Pb+NO,=Pb0+NO 
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(ii) Reaction with non-metals. Nitrogen dioxide is not com- 
bustible and. does not support combustion. Vigorously burning 
sulphur, phosphorus or carbon may continue burning in the gas 
but only when the temperature of combustion is sufficiently high to 
decompose’ the gas. 


The reason is that at sufficiently high temperature nitrogen 
dioxide decomposes into nitrogen and oxygen and it is oxygen which 
burns the elements. 

QNO,  -N;,420,)x5 
(4P 4-50, =2P,0,)x2 
Adding, 10NO, +8P=5N,+4P,0, 
Similarly, 28 +2NO,=2SO, +N, 
4Mg+2NO, =4Mg0+N, 
2C +2NO,=2CO,+N, 


A mixture of nitrogen dioxide and hydrogen when passed over 
heated platinum, is reduced to ammonia. 


2NO,+7H,=2NH;,+4H,O 
(iii) Reaction with compounds, (a) Nitrogen dioxide reacts 
with water, forming a mixture of nitrous acid and nitric acid. 
2NO, +H,O=HNO, +HNO, 


Hence, it is called a mixed anhydride. Nitrous acid thus formed 
is unstable and decomposes into nitric acid and nitric oxide. 


3HNO, = HNO, +2NO+H,0 


In'this reaction, one molecule of NO, is oxidised to HNO, and 
another molecule is reduced to HNO,. Hence, it is an auto- 
oxidation-reduction reaction. 


Nitrous acid thus obtained is unstable. With hot water or with 
sufficient quantity of water, it gives a mixture of nitric oxide and 
nitric acid : 

(2NO, + H,O = HNO,+HNO,) x3. 
3HNO, s HNO,+2NO-+H,O 
6NO,+2H,O = 4HNO,+2NO 

Or, 3NO,+H,0 = 2HNO,+NO 

At ordinary temperature and in the presence of excess of air, 
nitrogen dioxide reacts with water producing nitric acid only. 

4NO,+?H,0+0, =4HNO, 
(b) It reacts with alkalis forming an equimolecular mixture of 
nitrate and nitrite. 
2KOH+2NO, =KNO;+KNO,+H,O 
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(c) The gas dissolves in conc, sulphuric acid forming nitrosyl 

hydrogen sulphate sometimes known as chamber crystals. 
H,SO,+2NO, =NO.HSO, --HNO; 

(d) Nitrogen dioxide is an energetic oxidising agent. It 
liberates iodine from potassium iodide and oxidises hydrogen 
‘sulphide to sulphur. 

2KI+NO,+H,O=2KOH+NO+I, 
H,S+NO, - H,O--NO--S 

It oxidises sulphur dioxide to sulphur trioxide and carbon 
monoxide to carbon dioxide. 

NO, +SO, —$0,--NO 
CO--NO, 4 CO, 4-NO 

In presence of steam nitrogen dioxide oxidises sulphur dioxide 
to sulphuric acid, 

NO, --SO;--H,0— H,80,4-NO 

During oxidation nitrogen dioxide decomposes into nitric oxide 
and nascent oxygen and it is this nascent oxygen which oxidises 
different substances. For example, 

NO, = NO + O 
SO,+0 = SO, 


Adding, NO,+SO, = NO + SO, 

(c) Nitrogen dioxide also possesses reducing properties. For 
example, when it is passed through an acidified solution of 
potassium permanganate in water it reduces potassium permanganate 
to manganous sait and is itself oxidis.d to nitric acid. 

2KM10,+3H,SO vt INO +380 
980, +2MnSO, +10HNO, 

From these reactions it is clear that nitrogen dioxide possesses 
both oxidising and reducing properties. In nitrogen dioxide, 
nitrogen is in +4 oxidation state but the highest positive oxidation 
state in which nitrogen can exist is +5, Hence during the reactions 
of nitrogen dioxide with powerful oxidising agents,the nitrogen atom 
can transit from -+4 oxidation state to +5 oxidation state by losing 
electron. Hence, in these reactions, nitrogen dioxide can act as a 
reducing agent. Onthe other hand, in the reactions of nitrogen 
dioxide with strong reducing agents, the nitrogen atom can transit 
from +4 oxidation state to +3, +2, +1, or —3 oxidation state by 
gaining electrons. Hence, in these reactions nitrogen dioxide can act 
as an oxidising agent, In the reaction of nitrogen dioxide with 
water, nitrogen dioxide is partially oxidised and partially reduced, 


+4 +3 +5 
2NO, + H,O = HNO, + HNO, 
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Hence, it is an example of auto-oxidation reduction reaction. 
Oxyacids of Nitrogen 
The three oxyacids of nitrogen are shown in table 5.3. 


Table 5.3 
E Oxidation number ; 
Name Formvla of nitrogen Anhydride 
Hyponitrous acid +1 N,O 
Nitrous acid +3 N,O; 
Nitric acid +5 N,0; 


Li 
Since hyponitrous acid is not included in the syllabus, it is not 
discussed here, 
Nitrous acid, HNO, 


Nitrous acid is an unstable acid which is known only in dilute 
solution and in the form of salts, 

Preparation. (i) The acid is usually prepared by treating cold 
aqueous solution of sodium or potassium nitrite with dilute sul- 
phuric acid. 

2NaNO, --H,SO, — Na,SO, --2HNO, 

The resulting solvtion is of pale blue colour. Itis a weak acid 

and can be liberated from its salt even by acetic acid, 
NaNO, + CH,COOH =HNO; 4-CH,COONa 

When nitrcgen trioxide is dissolved into water, nitrous acid is 
formed, N,O,-+H,O=2HNO, 

(ii) An aqueous solution of the acid is best prepared by adding 
to an aqueous solution of barium nitrite an exact amount of ice- 
cold dilute sulphuric acid required to precipitate all the Ba** ions 
in the form of barium sulphate. 

Ba(NO,),-+H3SO, =BaSO,+2HNO, 

Barium sulphate is filtered off—the filtrate is a dilute solution of 
nitrous acid., t 

Properties, (i) Decomposition. On warming its solution, nitrous 
acid decomposes rapidly into water and its anhydride, nitrogen 
trioxide, which in turn decomposes rapidly into nitric oxide and 
nitrogen dioxide : 

2HNO, =H,O+N,0, 
N,O,=NO+NO, 
2HNO, = H,O+NO+NO, 
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In the cold, the dilute solution of nitrous acid undergoes auto-- 
oxidation-reduction : à 
+8 +5 +2 
3HNO, = HNO, +2NO+H,O 

(ii) Oxidising and reducing property. Nitrous acid can act 
both as an oxidising agent and as a reducing agent. Nitrogen atom 
contains 5 electrons in its outermost shell. Hence, the highest 
Positive oxidation state in which nitrogen atom can exist in its 
compounds is +5. Consequently, in its compounds, nitrogen atom 
can exist in all oxidation states from +5 to —3. The oxidation 
number of nitrogen in nitrous acid is +3. Hence, in reactions of 
nitrous acid, nitrogen atom can pass from +3 oxidation state to 
+4 or +5 oxidation state by losing electrons. Again, nitrogen 
atom of nitrous acid is also capable of passing from +3 oxidation 
State to +2, +1, 0 or —3 oxidation state by gaining electrons. 
Consequently, nitrous acid possesses both oxidising and reducing 
properties. 


(a) Oxidising property. Nitrous acid acts as an oxidising agent.. 
Thus it liberates iodine from acidified potassium iodide, 
2KI+ H480, 2 K,SO, --2HI 
2HI+2HNO, —2H,0 T, 4-2NO 
Tt oxidises hydrogen sulphide to sulphur and sulphur dioxide to. 
sulphuric acid. 
H,S+2HNO, —2H,0 4-2NO4-S 
S0, 4-2HNO, =H,SO,+2NO 
Nitrous acid also oxidises stannous chloride to stannic chloride and. 
ferrous salts to ferric salts, 
SnCl, +2HCI+2HNO, =SnCl,-+-2NO+2H,0 
2Fc$0, +H,SO,+2HNO, = Fe,(SO,),-+2NO+2H,0 
(iii) Reducing property. Nitrous acid also acts as a reducing: 


agent. For example, it reduces permanganate, chromates and 
bromine water, 


2KMn0, +3H,SO,+5HNO, 
=K,SO,+2MnSO,+S5HNO,+3H,O 
Br, -+H,O+ HNO, =2HBr+HNO, 
e nitrous acid reduces chlorine water to hydrochloric 
acid, 
Cl;--H50--HNO, « HNO, --2HCI 
It also reduces hydrogen peroxide, 
H50,;--HNO, =HNO,+H,0 
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(iv) Nitrous acid reacts with ammonium chloride and organic 
‘substances containing, — NH, group such as urea, evolving nitrogen. 


NH,Cl+HNO, =N, 4-HCl4-2H50 
CO(NH,), --2HNO, —2N, -3H,0-- CO, 


Nitrites, The salts of nitrous acid are called nitrites.  Nitrites 
‘are more stable and are easily prepared. Almost all the nitrites 
are soluble ; the only important exception is silver nitrite which 
is sparingly soluble. The most important of these salts are those 
of sodium and potassium. Sodium and potassium nitrite may be 
^c by heating the corresponding nitrates with finely divided 


NaNO, -+Pb=NaNO, +PbO . 
The product is extracted with water and lead oxide is removed by 
filtration, The filtrate is evaporated to crystallisation. 

Nitrites are now manufactured by passing an equimolecular 
mixture of nitric oxide and nitrogen dioxide in the aqueous solution 
"of the appropriate alkali. 

2KOH+NO+NO, =2KNO,+H,O 
‘Sodium nitrite is widely used in the manufacture of dyes of the azo- 
-class. 

Tests of nitrite, The nitrites are characterised by the following 
‘tests : 

(i) Reddish brown fumes are evolved when a nitrite is warmed 
"with dilute sulphuric acid. (ii) A nitrite liberates iodine from acidi- 
fied potassium iodide, the liberated iodine turns starch solution 
blue, (jii) Brown colour is formed when a nitrite is treated with 
meta-phenylene-diamine hydrochloride in hydrochloric acid. (iv) An 
intense pink colouration is obtained when a nitrite is treated with a 
mixture of solutions of sulphanilic acid and «-naphthylamin in 
acctic acid. The tests (iii) and (iv) are very delicate and are utilised 
‘for the estimation of nitrites in water. x 


Nitric acid, HNO, 


Aquafortis (nitric acid) was known to alchemists. Geber (778 A. D.) 
Obtained it by distilling Copperas (ferrous sulphate) with saltpetre an 
alum. In 1650, Glauber made it by distlling a mixture of nitre an 
sulphuric acid. In 1776, Lavoisier proved that nitric acid contains oxyaen, 
Cavendish in 1784 obtained nitric acid by passing electric discharge 
through a mixture of nitrogen and moist oxygen. 

Free nitric acid formed by lightning occurs in traces in the atmosphere. 
It is found in nature in the form of its salts ot which the most important 
are nitre (potassium nitrate) and chile saltpetre sodium nitrate). 


Preparation, From potassium nitrate, Laboratory preparation. 
Nitric acid is a volatile acid. Itis prepared in. the laboratory by 
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the action of a less volatile acid such as sulphuric acid on sodium 
nitrate or potassium nitrate, Hydrochloric acid is not used in the 
preparation of nitric acid since it is volatile. The reaction of 
sulphuris acid with potassium or sodium nitrate takes place in two 
Stages, At moderate tempcrature, about 200°C, potassium hydrogen 
sulphate and nitric acid are formed, 
KNO,+H,SO,=KHSO,+HNO, 

At higher temperature of about 800°C, a further reaction takes. 
place ; potassium hydrogen sulphate being converted into normal 
suiphate with the formation of m re nitric acid. 

KNO,+KHSO, =K,SO,+HNO, 
In cither stage, nitric acid formed volatilises off and can be readily 
cond.nsed. However, in laboratory preparation, the reaction is not 
cariied out at higher temperatures because of the following reasons : 

(i) Nitric acid partly decomposes into water, oxygen and 
nitrogen dioxide 

4HNO, =4NO,+2H,0+0, 
(ii) The glass retort would crack. 


(iii) The normal sulphate which is left in the retort in the solid 
State is very difficult to remove. 

Procedure, Equal parts by weight of potassivm nitrate and 
concentrated sulphuric acid are taken in a stoppered glass retort 
(fig. 5.9). The. stem 
of the retort is intro- 
duced into a glass 
flask which is kept 
cooked by water. The 
resort is heated to 
avout 200°C when 
nitric acid formed vo- 
la tilises and condenses 
in the  water.coolcd 
flask. 

Purification. The 
acid thus obtained is 
not pure, and brown in colour. It contains water and oxides of 
nitrogen. The acid may be concentrated to 98% by redistilling it 
with twice its weight of concentrated sulphuric acid. The oxides 
of nitrogen are removed from the acid by blowing dry air through 
it. Colourless crystals of pure nitric acid are obtained by freezing 
98 per cent acid at —42°C, 

Properties, (A) Physical properties: Pure nitric acid is a 
fuming colourless liquid of specific gravity 1:53, It boils at 86°C 
and freezes at —41'C into a transparent crystalline mass, The 
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pure acid is hygroscopic and rapidly -absorbs moisture from air. 
It has a very corrosive-action on the skin and cloth and stains them 
‘bright yellow. 

It mixes in all proportions with water, A 689/ per cent solution 
which is the usual commercial acid, boils at 120:5 C and can be 
distilled without alteration. The concentrated nitric acid which 
contains 96 to 98 per cent HNO, is knownas the fuming nitric acid. 
Fuming nitric acid is brown in colour due to nitrogen dioxide 
dissolved in it, 

(B) Chemical properties: (i) Acidic properties; In aqueous 
solution the acid is completely ionised into hydrogen ion, H* and 
the nitrate ion, NO;. 

HNO;z:H*--NO; 

Hence, it is a strong monobasic acid. Its salts are called nitrates. 
Nitric acid reacts. by metathesis with many. metallic oxides, 
hydroxides, carbonates, sulphites and other compounds to yield the 
nitrates of the metals involved. 

CaCO, +2HNO, —Ca(NO;), --H,O-- CO, 
MgO +2HNO,=Mg(NO,;)o+H,O 
NaOH+ HNO, =NaNO,+H,O 


(ii) Instability and oxidising properties, Nitric -acid is’ not 
‘chemically very stable. Upon heating or exposure to light nitric 
acid-teadily decomposes into water, oxygen and nitrogen dioxide. 

4HNO,=2H,0+0,+4NO, é 

Because of the ready liberation of oxygen from it and due to 
the presence of nitrogen in its highest state of. oxidation corres- 
ponding to the positive valency of 5 nitric acid acts as a powerful 
oxidising agent upon metals, non-metals and a wide variety of 
compounds. When oxidising, nitric acid is reduced successively 
in the following compounds : 


+5 +4 +3 +2 +l n l3 
HNO,-—NO,—HNO,- NON, OS N,—NH,; 


The degree of reduction of nitric acid depends upon the 
concentration of HNO, and the nature of the reducing agent: and 
its concentration, Concentrated acid is usually reduced to. NO,, 
dilute acid to NO, and with very dilute acid the chief reduction 
product is NH. y 

Nitrogen atom contains 5 electrons in its outermost shell. 
Hence, the highest positive oxidation state of nitrogen atom in its 
compounds is +5. In nitric acid, the oxidation-numb»er of nitrogen 
is +5 and consequently there: is no. scope-for nitrogen atom in 
nitric acid. to loselectron and to get oxidised. For this reason, nitric 
acid cannot act as reducing agent ; it acts only as anoxidising agent.: 
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(iii Reaction with non-metals, Hot concentrated nitric acid 
oxidises sulphur to sulphuric acid, iodine to iodic acid and phos- 
phorus to phosphoric acid. 

S--2HNO, 2 H,SO, --2NO 
31, +10HNO, = 6HIO, +10NO+2H,O 
3P--5HNO, -2H,0 23H, PO, -5NO 

Glowing charcoal burns brilliantly into concentrated nitric acid. 
When concentrated nitric acid is poured into heated sawdust, the 
mass often bursts into flame. 

C+4HNO, =CO,+4NO,+2H,0 


(iv) Reaction with compounds, (a) Hot dilute or cold con- 
centrated nitric acid oxidises hydrogen sulphide to sulphur and 
potassium iodide to iodine. 

3H,S--2HNO; =3S+ 2NO+4H,O 
6KI--8HNO, —3I, -- 6KNO; --2NO-F4H;O 

Nitric acid oxidises ferrous sulphate in presence of sulphuric 
acid to ferric sulphate. 

6FeSO, --2HNO , -3H,SO, —3Fe,(SO,); 4-2NO 4-4H,O 
This reaction occurs quantitatively. 

Stannous chloride in hydrochloric acid is oxidised by nitric acid 
to stannic chloride and nitric acid is reduced to nitrous oxide and 
ammonia, 

2HNO, +4SnCl, +8HCl=4SnCl, +5H,0+N,0 

Concentrated nitric acid when warmed with concentrated 
hydrochloric acid, chlorine, nitrosyl chloride and water are 
formed. 

3HCI --HNO, =Cl, -+NOCI+2H,O 


The mixture of conc. HNO, and conc. HCl in the ratio of 
1 to 3 is known as aqua regia (royal water), because it dissolves 
noble or royal metals like gold and platinum. 


Au+4HCI4+HNO, = HAuCl;-+NO+2H,0 


(b) Nitric acid reacts with many organic substances. In some 
cases, the oxidation products are formed. In others one or several 
hydrogen atoms in the molecule of the organic compounds are 
substituted by nitro group, NO,. This process known as nitration 
is of great importance in organic chemistry. 


With toluene it gives trinitrotoluene ( T.N.T. ), with glycerine 
ít gives nitroglycerine and with cellulose it forms nitrocellulose. 
Both trinitrotoluene and nitroglycerine are violently explosive, 
Wool or turpentine bursts into flame, when they are treated with 
fuming nitric acid. 
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(v) Reaction with metals. Nitric acid reacts with nearly ali 
of the metals except tantalum, gold, platinum and a few other 
noble metals. The first product is an oxide which reacts with 
excess acid to form the corresponding metallic nitrate. Tin, 
antimony, arsenic, molybdenum and tungsten react with the acid 
to form the insoluble oxide as the final product. Since the oxidising 
properties of nitric acid are more pronounced than its acid 
properties, the reaction of metals with it does not lead to the 
liberation of hydrogen ; most of the hydrogen which may be 
liberated are oxidised immediately to water. Only magnesium and 
manganese liberate hydrogen when they react with very dilute nitric 
acid (1 or 2 per cert). 

Mg+2HNO, =Mg (NO,). +H, 

By way of illustrations, the equations of the reactions of nitric 
acid on some metals are given below. 

(a) Reaction of copper with 

(i) hot concentrated HNO, : 

Cu+4HNO,=Cu(NO;).+2H,O+2NO, 

(ii) cold HNO, of moderate strength : 

3Cu-+ 8HNO, =3Cu(NO,).+4H,0+2NO 
(iii) cold and dilute HNO, : 
4Cu+ 10HNO, =4Cu(NO,), +5H,0+N,0 
(b) Reaction of zinc with 
(i) hot concentrated HNO; : 
Zn+4HNO,=Zn(NO5)o+2H,O+2NO, 
(ii) cold dilute HNO, : 
3Zn+8HNO,, = 3Zn(NO,).+4H,0+2NO 
(iii) cold very dilute HNO, : 
4Zn+ 10HNO, =4Zn(NO,).+3H.O+NH,NO, 
(c) Reaction of iron with 
(i) very concentrated and fuming nitric acid: no reaction 5. 
iron is rendered passive. 
(ii) moderately concentrated or hot dilute HNO, : 
Fe+4HNO, =Fe(NO,),+2H,O0+NO 
(iii) cold dil. HNO, : 
4Fe+10HNO, =4Fe(NO,).+3H,O0+NH,NO; 
(d) Reaction of tin with 
(i) conc. HINO, : 
Sn+4HNO, —S$n0,-F4NO, +2H,O 
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(ii) cold dilute HNO, : 
4Sn+10HNO, =4Sn(NO,), +3H,O+NH,NO, 
(c) Reaction of mercury with 
(i) hot and concentrated HNO,. 
Hg+4HNO, = Hg(NO;), +2H,0+2NO, 
(ii) cold and dilute HNO, 
6Hg+8HNO, —3Hg;(NO,), --2NO -4H,O 
(f) Reaction of silver with 
(i) hot dilute HNO, : 
Ag+2HNO, —AgNO, -- H50--NO, 
(g) Cold and dil, HNO, reacts with magnesium or manganese 
to form magnesium or manganese nitrate and hydrogen 
Mg+2HNO, = Mg(NO,), - H, 
Mn4-2HNO, =Mn(NO,).+H, 
The reduction products of nitric acid obtained in the reaction of 
nitric acid with metals can be summarised in table 5.4, 
Table 5.4. Dependence of the degree of reduction of HNO, 
with its concentration. 


Metals Concentrated HNO, ag car anne Dilute 
Copper NO, NO 
Zine NO, NO 
Tron Passive NO 
Tin NO, = 
Mercury NO, = 


; ; — ae 

The complex nature of the reactions of nitric acid with metals TN 
may be explained by assuming that the first product is nascent 

hydrogen which attacks the excess of nitric acid to give reduction L4 

products such as oxides of nitrogen or even ammonia. 3 


M  +HNO,=MNO, +H 
HNO, +H  -H,0 +NO, 
HNO, +3H =2H,O «NO 
HNO, +8H =3H,0 NH, 
2HNO,+8H =H,N,0,+4H,0 
H,N,O, =N,0 +H,0 
I. Ch.—8 
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Concentrated nitric acid, Dilute nitric acid on distillation yields 
689, nitric acid which distils without change in composition. 
It hasa specific gravity 1'414 and is sold in the market as the 
concentrated nitric acid. 


Fuming nitric acid. When a mixture of concentrated nitric 
acid and a small quantity of starch or arsenic trioxide is distilled, 
fuming nitric acid is obtained. It contains dissolved NO, and is 
coloured brown. Fuming nitric acid can also be prepared by 
passing NO, into concentrated nitric acid. It emits fumes 
continuously and has strong oxidising power. 


Aqua regia. A mixture of 1 volume of conc. HNO; and 
3 volumes of conc, HCl is known as aqua regia. It dissolves noble 
metals like gold, platinum, etc. 
Au--4HCI 4- HNO, = HAuCI, --NO 4-2H ,O 
Gold or platinum does not dissolve in conc. HNO, or conc. 
HCl. The nascent chlorine evolved by the reaction of conc. HCl 
and conc HNO, reacts with the metal forming soluble chloride. 
3HCI-- HNO, =NOCI+2Cl+2H,O 
2Au+6Cl+2HCl=2HAuCl, 


Passivity of metals in concentrated nitric acid. Iron, cobalt and 
chromium become passive in concentrated nitric acid ( sp. gr. 1:5) 
or fuming nitric acid and lose their chemical activity temporarily. 
Under this condition, the metals are said to be in the passive state. 

A layer of metallic oxide is deposited on the metal as a 
result of the initial reaction between the metal and conc, HNO,. 
This prevents the metal from coming in contact with the acid 
and consequently the metal becomes passive. If the layer is 
removed either by rubbing or by reduction with a reducing gas 
the inactivity of the metal can be removed. 

Uses of nitric acid. Nitric acid finds numerous applications 
-both in the laboratory and in industry : 

y (i) In laboratory, it is used as oxidising agent. It is an 
important reagent in organic chemistry both for oxidation and 
nitration, 

(ii) It is used in the production of commercial explosive such 
as trinitrotoluene ( T. N. T.) and nitroglycerine and in the manu- 
facture of chemicals, dyes, medicinals and fertilisers. 

(iii) It is also used in the production of celluloid, collodion, 
rayon, lacquers and many modern plastics, Silver nitrate for 
photographic and other purposes are produced from nitric acid. 

(iv) It is also employed for cleaning metals and for etching 
processes, 
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Tests of nitric acid and nitrates, Nitric acid and nitrates are 
detected by the following tests : 


(i) When a nitrate is heated with conc. HSO% and copper 
turnings, reddish brown fumes are evolved. Brown fumes are 
evolved when nitric acid is heated with copper turnings alone. 

(ii) Bracine test. When a solution of brucine in conc. HSO? 
is‘ added to a solution of nitrate or nitric acid, red colour is 
produced. 


(iii) Ring test. A small quantity of nitrate is dissolved into 
water in a test tube and an equal volume of concentrated sul- 
phuricacid is added to it. The mixture is cooled. A freshly 
prepared solution of ferrous sulphate is carefully poured down 
the side of the test tube into the mixture so that the liquids mix 
only at the surface of contact. A dark brown ring appearing at 
the junction of the liquids indicates the presence of a nitrate. 
Nitrites also respond to the ring test. 

Sulphuric acid reacts with the nitrate liberating nitric acid. 

NaNO, --H,SO, = HNO; + NaHSO, 
Nitric acid is then reduced by ferrous sulphate to nitric oxide, 
2HNO, +6FeSO, +3H SO, = 3Fe,(SO,),+2NO+4H,0 
The excess of ferrous sulphate then absorbs nitric oxide yielding 
brown coloured compound, FeSO,.NO. 
FeSO, + NO = FeSO,*NO 


This compound appears asa brown ring at the junction. of the 
liquids. 


Estimation of nitric acid and nitrates. (i) The free nitric 
acid in absence of other acids can be estimated by titration with 
standard alkali. 

(ii) A nitrate or a nitrite can be estimated quantitatively by the 
use of Devarda's alloy containing aluminium, copper and zinc. 
Devarda's alloy yields ammonia quantitatively when heated with a 
nitrate or nitrite in strongly alkaline solution. 

NaNO; --4Zn-- 7NaOH = NH, 4- 4Na,Zn0, 4-2H,0 

The ammonia formed is distilled into a measured volume of 
standard sulphuric acid. The excess of acid {s then titrated with 
standard alkali. 

(iii) Nitric acid is reduced quantitatively to nitric oxide by 
mercury in presence of concentrated sulphuric acid, 

6Hg+2HNO, + 3H,SO, — 3Hg;SO, --2NO---4H,0 

A solution containing nitrate is shaken with concentrajed 
sulphuric acid and mercury in Lunge’s nitrometer when nitratie ig 
quantitatively reduced to nitric oxide.» The volume of nitric oxde 
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is then accurately measured and the weight of the nitrate radical 
present can be calculated. Nitrites can also be estimated by this. 
method. 


Test of nitrate in presence of nitrite. A mixture of nitrate and 
nitrite is heated with ammonium chloride or urea and sulphuric. 
acid when nitrite decomposes completely into nitrogen, Then the 
ring test is applied to detect the presence of the nitrate. 


The Nitrogen Cycle 


Nitrogen is essential to plant and animal life. It is present in 
plant and animal tissues in compounds known as proteins. But 
neither most plants nor animals can assimilate the elemental nitrogen 
of the atmosphere. Only a few leguminous plants such as peas, 
beans, (including soyabean) and alfalfa can utilise free nitrogen 
directly. They have on their roots nodules which contain“nitrifying” 
bacteria which are capable of converting atmospheric nitrogen into 
compounds which are then assimilated by these plants and are 
converted into proteins. Most plants can only absorb nitrogen in the 
form of nitrates. Thus, a supply of nitrogen in the form of nitrates 
in the soil is essential for the life of the plants. Atmospheric 
nitrogen is converted into nitrates;in the following way : During 
electrical discharges in the atmosphere, nitrogen unites with oxygen 
to form nitric oxide. This combines with a further portion of 
atmospheric oxygen to form nitrogen dioxide which is absorbed by 
rain water forming nitric acid. Nitric acid is washed down by rains 
into the soil and is transformed into nitrates by reactions with bases: 
present in the soil. 

Ns --05:22NO ; 2NO 4-0, —22NO; 
3NO, +H,0=2HNO,+NO i 

Nitrates from the soil are taken in by plants and are converted 
by biochemical processes to proteins, 

On the other hand, animals acquire their necessary nitrogen by 
consuming plant proteins as food and convert them into animal 
proteins. Some animals (carnivorous) obtain their necessary nitrogen 
by consuming the proteins in other animals. As a result of these 
processes, nitrogen is continually removed from the air. But it is. 
transferred back to the air by the following processes : , 

Major part of the nitrogen consumed by animals is returned to 
the soil in the form of urea in the excreta. Urea is readily hydro- 
lysed forming ammonia and carbon dioxide : 


CO(NH,).-+H,0=CO, +2NHj; 
Again, when bodies of animals and plants decay ammonia is 
luced, In the soil, this is oxidised by nitrosifying bacterla. 


THE NITROGEN AND ITS COMPOUNDS 117 


to nitrites which are oxidised by nitrifying bacteria to nitrates. 
Nitrates are again assimilated by plants, But there are bacteria in 
the soil called “denitrifying bacteria” which are capable of abstrac- 
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nitrogen is constantly evolved in the form of free nitrogen which 
passes to the atmosphere, 


Thus, we see that there is a continuous transfer of nitrogen from 
the air into various Systems and back to the airagain. The 
succession of changes through which this transfer occurs is known as 
nitrogen cycle. The nitrogen cycle in nature is summarised in 
the above diagram. 


Fixation of Nitrogen. Fixation of nitrogen is any process by 
which atmospheric nitrogen is incorporated into useful nitrogenous 
compounds, Nitrogen in combination as useful compounds such 
as ammonia, nitrate, etc., is known as fixed nitrogen. The artificial 
processes by which nitrogen can be fixed are (i)Haber's process by 
which ammonia is formed from its elements ; (ii) Birkeland-Eyde 
Process (or arc process) by which nitric oxide is formed from 
nitrogen and oxygen of the atmosphere and (iii) Cyanamide 
process by which calcium cyanide is formed from calcium carbide 
and nitrogen. The formation of nitrides is of some importance, 
The natural processes by which atmospheric nitrogen is fixed are 
(i) lightning flashes in the atmosphere—this causes the formation 
of nitric oxide. This is converted into nitric acid which falls 
io the earth with rain and (ii) absorption of atmospheric 
nitrogen by leguminous plants. On the roots of these plants 
there are nodules which contain nitrifying bacteria. These 
bacteria convert atmospheric nitrogen into compounds which are 
assimilated directly by these plants, 


APPENDIX 


1. To prove that nitric acid contains nitrogen, oxygen and 
hydrogen. Some pumice stones are taken ina flask fitted with 
a dropping funnel. The flask is Strongly heated and concentrated 
nitric acid is allowed to fall drop by drop on the pumice stone when 
nitric acid decomposes in accordance with the following equation : 

4HNO; =4NO, +2H,0+0, 

The mixture of gases is then allowed to pass through : (i) first 
U-tube kept immersed in cold water; steam condenses in this 
U-tube (i) second U-tube kept immersed in a freezing mixture ; 
nitrogen dioxide is condensed here; the gas coming out is 
Collected in a gas-jar by the displacement of water. This gas 
rekindles a glowing chip ; gives brown fumes with nitric oxide and 


is completely absorbed by alkaline pyrogallate, Hence, this gas. 
is oxygen. 


To the liquid in the first U-tube, a piece of metallic sodium is. 
added when a gas is evolyed. This gas is collected by the displace- 
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ment of water. It burns in oxygen yielding water and is absorbed 
by heated palladium. Hence, it is hydrogen. 

The liquid in the second U-tube on heating passes in the gaseous 
state. The gus is then passed through a tube containing copper 
heated to bright redness when nitrogen dioxide is reduced to 
nitrogen. 

4Cu+2NO, — 4CuO +N, 

The gas coming out of the tube is collected in a gas-jar by the 
displacement of water. The gas is absorbed by heated magnesium 
giving magnesium nitride which on treatment with water forms 
ammonia. Hence, the gas is nitrogen. 

Hence, nitric acid contains hydrogen, oxygen and nitrogen. 


(ii) ‘Lo prove that lead nitrate contains lead, nitrogen and 
oxygen. Some lead nitrate are taken in a hard glass test tube and 
the tube is then strongly heated Lead nitrate decomposes in 
accordance with the following equation : 

2Pb(NO,). =2Pb0+4NO, +0, 

Lead oxide remains as solid in the test tube and the mixture of 
nitrogen dioxide and oxygen is passed through a U-tube kept 
immersed in a freezing mixture ; nitrogen dioxide condenses in the 
U-tube and oxygen passes out and is collected, Oxygen is detected 
by its tests. 

Solid left in the tube is heated in a stream of hydrogen when the 
following reaction takes place. ? 

PbO+H, =Pb+H,O 

The residue thus obtained is soft and malleable and marks paper.. 
Hence, it is lead. 

The presence of nitrogen is proyed by the method described 
above. 


(ii) To prove that ammonia contains nitrogen and hydrogen. 
Ammonia is passed through a tube containing red-hot copper oxide 
when ammonia is oxidised to nitrogen. 

2NH; +3Cu0=3H30+3Cu+N, 

The gas coming out of the tube is collected in a gas-jar by the 
displacement of water. The gas is absorbed by heated ‘magnesium 
giving magnesium nitride which on treatment with water forms 
ammonia. Hence, the gas is nitrogen. 

Metallic sodium is placed in a hard-glass tube provided with an 
inlet tube and a delivery tube. Sodium in the tube is strongly 
heated and ammonia gas is passed over heated sodium through the 
inlet tube when the following reaction takes place. 


2Na--2NH, =2NaNH, +H, 
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. The gas coming out of the delivery tube is collected by the 
displacement of water. This gas burns in oxygen producing water 
and is absorbed by palladium. Hence, the gas is hydrogen. 


Thus it is proved that ammonia contains nitrogen and hydrogen. 


(iv) Distinction between nitrites and nitrates. 
Rr ae qose ia deme iE er Rank io ANTE. 


Experiment Nitrite Nitrate 


(a) To the solution of the salt | Evolution of | No brown 
dilute hydrochloric acid is | brown fumes. | fumesare evol- 
added. ved. 


(b) Dilute solution of potassium | Pink colour of | The colour of 
permanganate is added to | potassium per- | the solution is 


the solution cf the salt. manganate is | not discharged. 
discharged. 
(c) To the solution of the salt is | Blue colour is | No blue colour 
added acetic acid, potassium | developed. is produced. 


iodide and starch solution. 
(d) The sample is boiled with a | Nitrogen is | No evolution 

Strong solution of urea or | evolved. of nitrogen 

ammonium chloride. 


(e) A pinch of brucine and a | No red colour. | Deep red colo- 
few drops of conc. H,SO uration slowly 
are added to a few c.c. o changing to 


the solution of the salt, yellow. 
———«!''''''''"Y""T!"""P——M 


EXERCISES 


1. Describe how you would obtain nitrogen (a) from air, and (b) from 
ammonia. Describe the laboratory preparation of nitrogen. How would 
you obtain very pure nitrogen ? 

2. How does nitrogen react with magnesium and calcium carbide ? 
Describe the action of water on the products formed in both cases. 


What are the uses of elemental nitrogen ? 


3. How would you prepare in the laboratory pure and dry ammonia ? 
Why is the gas not dried by conc. H;SO,, or phosphorus pentoxide? 

How does the gas react with (a) oxygen, (b) sodium, (c) chlorine 
(d) cupric oxide, (e) ferric chloride solution and (f) copper sulphate 
solution: 

4. How and under what conditions does ammonia react with (a) air, 
(b) calcium sulphate, (c) mercurous chloride and (d) carbon dioxide ? 

„5. How may ammonia be converted into (a) nitrogen and (b) nitric ? 
acid? How is ammonia detected ? J [ C. U., 


¢ 
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6. Whatisammonium ion? Give the electronic interpretation of the 
formation of ammonium ion. 

Describe the preparation and uses of some important ammonium salts. 
‘How are the ammonium salts detected ? 


7. Describe the effect of heat on (a) ammonium nitrite, (b) ammonium 
chloride (c) lead nitrate (d) nitric acid and (e) ammonium nitrate. 


8. How would you prove experimentally that both air and nitrous 
‘oxide contain the same constituents? What is the evidence that in one 
case the constituents are chemically combined while in the other the 
merely form a mechanical mixture ? [ C. U., '50 


9. Describe the preparation of nitric oxide in the laboratory. What 
Sappen when the gas is slowly passed for some time into a jar of air 
confined over water? How would you qualitatively distinguish between 
nitric oxide, nitrous oxide and oxygen ? [ C. U. '53] 


10. How would you prepare nitric acid in the laboratory ? Describe 
with equations the reactions of nitric acid with (a) copper, (b) zinc, 
(c) iron, (d) magnesium, (e) sulphur and (f) iodine. 

How would you prove experimentally that nitric acid contains nitrogen, 
hydrogen and oxygen ? 


1l. How would you prepare the pure samples of (a) N,0,; (b) NO; 
and ic) N,O. Why is concentrated nitric acid usually yellow? How is 
nitrous oxide distinguished from oxygen? 


12. Starting from nitric acid how would you prepare (a) oxygen, 
(b) nitrogen, (c) nitrogen dioxide, (d) ammonia and (e) hydrogen. How 
would you detect nitrate radical ? 

13. Describe “nitrogen cycle" in nature. What is meant by the fixation 
of atmospheric nitrogen ? Discuss briefly the methods used to restore the 
nitrogen compounds removed from the soil. 


14. Describe experiments to show that (a) nitric acid is an oxidising 
agent and (b) ammonia contains nitrogen and hydrogen. 


Describe with equations the action of nitric acid on (a) hydrochloric 
acid ; (b) ferrous sulphate and phosphorus. 

15. Explain the following statements : 

(a) Nitrous acid acts both as an oxidising agent and a reducing agent. 

(b) NO, (brown! becomes lighter in colour when it is cooled. 

(c) Feebly burning sulphur is extinguished when introduced in a jar of 
nitrous oxide but ignited sulphur burns vigorously in nitrous oxide. 


(d) Ammonia is basic in character. 
(e) Ammonia liberates copper from cupric oxide. 
T Solution of ammonia in water when neutralised form ammonium 
salts, 


16. How would you prepare (a) nitric acid from ammonia and vice- 
versa (b) nitrogen from ammonia and vice-versa (c) ammonia from nitric 
oxide and vice-versa and (d) ammonium chloride from ammonia and 
vice-versa, 

17, A gas A) is passed over heated magnesium when a compound (B) 
is formed. The compound (B) on treatment with water gives a gaseous 
product (C) which when passed over heated cupric oxide the original gas 
(A) is formed. When the gas (C) is passed over heated sodium, a gas (D) 
is formed. The gases (A) and (D) react to give the gas (C). Identify (A), 
(B), (C) and (D). (Ans. (A) > N, ; (B) > Mg,N, ; (C) 9 NH, (D) > H, | 

.. 18. A compound (A) on heating with an excess of caustic soda solution 
liberates a gas (B) which gives white fumes on exposure to HCl. Heating 
is continued to expel the gas completely. The resultant alkaline solution 
again liberates the same gas (B) when heated with zinc powder. However, 
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the compound (A) when heated alone does not give nitrogen. Identify (A) 
and (B). [Ans. A — NH,NO, ; B> NH, ] [EE T4 73] 
. 19. Starting with gaseous nitrogen, oxygen and hydrogen, indicate 
giving balanced equations, how would you prepare the following 
compounds: HNO, and N,O. [IE I. T., 67] 
20. A solid substance (A) is boiled with aqueous solution of sodium 
hydroxide when a gas (B) is evolved and a salt (C) is formed. Gas (B) on 
treatment with potassium mercuric iodide, K,Hgl, gives an orange yellow 
precipitate. The alkaline solution left after the complete removal of the 
gas (B) on boiling with zinc dust gives the same gas (B). Identify (A), 
(B) and (C). [Ans. A -> NH,NO;, B > NH, and C > NaNO; | 
21. When a sodium salt (A) was strongly heated, oxygen and a solid 
(B) wasformed. When treated with dilute hydrochloric acid (B) gave a 
brown gas. When (B) was heated with NH,CI a colourless gas was evolved 
and a solid residue (C) was formed. (A) on heating with NH,Cl liberated a 
colourless gas and a residue same as (C) was formed. ldentify (A), B)and 
(C) and give equations for each reaction, [Ans. (A) > NaNO, ; 
(B) > NaNO, ; (C) > NaCl. ] 
22. State what happens when: 
(i) nitrogen is passed over heated magnesium and the product which 
is formed is treated with water. 
(ii) nitrogen is passed over heated calcium carbide and the product 
obtained is treated with water. 
UD a mixture of air and ammonia is passed over heated platinum 
catalyst. 
(iv) ammonium hydroxide is gradually added to copper sulphate 
solution. (H. S., '78] 
(v) sodium nitrate is heated with conc. H;S0,, 
(vi) a copper coin is dipped into conc. HNO;. 
(vii) a solution of sodium nitrate is heated with zinc dust and sodium 
hydroxide and the gas which is evolved is passed into sulphuric acid. 
(viii) glowing charcoal is dipped into concentrated nitric acid. 
(ix) sulphuretted hydrogen is;passed into cold concentrated nitric acid. 
(x) ferrous sulphate solution is added to a cold dilute solution of 
sodium nitrate acidified with concentrated sulphuric acid. 
(xi) a mixture of ammonium chloride and slaked lime is heated and 
the gas obtained is passed over heated cupric oxide. 
(xii) a mixture of nitric oxide and hydrogen is passed over heated 
spongy platinum. 
(xii) nitric oxide is passed through a solution of potassium per- 
manganate acidified with sulphuric acid. 
(xiv) nitrogen dioxide is passed through an alkali solution. 
(xv) ammonia gas is passed over molten sodium. H. S, ’78 | 
(xvi) ammonium nitrate is heated. [H.S., 78] 
(xvii) ammonium dichromate is heated. 
(xviii) a mixture of ammonia and carbon‘dioxide is heated to a high 
temperature. 
(xix) a mixture of ammonium chloride and sodium nitrite is heated. 
(xx). sodium nitrate solution is heated with potassium hydroxide and 
aluminium. | 3 : : 
_(xxi) nitric oxidejgas is passed into ferrous sulphate solution acidified 
with sulphuric acid. [H.S., *78 | 
23,(a) Why is the nitrogen obtained from air heavier than that 
obtained from NH,NO, ? 
(9 - Prove that nitric acid contains oxygen. [H.$,79] 
c) Why does nitric oxide become brown when exposed to air ? 


——— 


CHAPTER VI 
BORON AND ITS COMPOUNDS 


Atomic weight, 10°811 Atomic number, 5 


Electronic configuration, 1s? 2s? 2p! 


, Boric acid was first prepared by Homberg in 1702 by subliming borax 
with green vitriol (FeSO,, 7H,O). Davy in 1807 first obtained boron as an 
olive-brown powder by electrolysing moist boric acid. Gay-Lussac and 
deua prepared boron in 1808 by the reduction of boron trioxide with 
potassium. 


Free boron does not occur in nature. Boron occurs as boric acid and as 
salts of various polyboric acids. The principal boron minerals are borax, 
(Na,B,O,. 10H40)  Kernite (Na4B,0;, 4H4O) ; colemanite (CasB,O11, 5H40) ; 
boronatrocalcite (CaB,O,, NaBO,, 8H,O) ; and boracite (2Mg;B,O; s, MgCl,). 
A major portion of the world's supply of boron compounds is produced by 
the United States. Free boric acid, H,BO; is found in the hot springs or 
"fumaroles" of Tuscany in Italy. 

Preparation. Boron exists in two forms ; amorphous and 
~erystalline. Amorphous boron can be prepared by the following. 
methods, 7 

(i) Amorphous boron is obtained when boron trioxide is heated 
with sodium, potassium, magnesium or aluminium in a covered 
crucible. A violent reaction takes place : 

B,O,+3Mg=2B+3Mg0 
The fused mass is cooled and boiled with dilute hydrochloric acid: 
when magnesium oxide dissolves in hydrochloric acid leaving boron 
as an amorphous brown powder. Brown powder of boron is then 
filtered, washed and dried. Amorphous boron thus obtained is not 
pure. Excess of magnesium must be avoided because it combines. 
with the freed element to form a boride. 


(ii) Amorphous boron can also be obtained by the action of 
potassium or magnesium on potassium borofluoride. 


3K+KBF,=4KF+B 
(iii) Pure crystalline boron is obtained by subjecting a mixture of 


hydrogen and boron trichloride to the action of the electric arc 
struck between water-cooled copper electrodes, 


2BCl, +3H,=2B+6HCI 


Boron so prepared is a black very hard infusible solid with a 
conchoidal fracture. Its properties are quite different from those 
of amorphous variety. Crystalline boron can also be obtained by 
fusing the amorphous boron and then cooling, 

99% pure boron can be prepared by the electrolysis of a fused 


mixture of potassium fluoborate, KBF,, the oxide B,O, and KCE 
at about 1000°C, 
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Properties. (A) Physical properties. Amorphous boron is a 
‘brownish powder while crystalline boron is said to be colourless ' 
‘and to resemble diamond in both brilliance and hardness. But the 
crystalline boron is usually obtained as a lustrous black solid which 
is contaminated with metallic borides. Amorphous boron has a 
specific gravity of 1°73; and its melting point is 2,300"C while 
crystalline form has a specific gravity of 2:3. Both varieties of 
the element are poor conductors of electricity but their conduc- 
tivity increases as the temperature is raised. 

(B) Chemical properties, (i) Boron possesses principally the 
properties of a non-metal. At room temperature, it does not react 
with oxygen but it burns in oxygen at. 700°C or in air at 1500'C 
with a green flame. The reaction is highly exothermic. 

4B 4-30, =2B,0, 

(ii) Boron ignites spontaneously in fluorine forming boron 
trifluoride, 2B+43F, =2BF, 

It reacts with chlorine and bromine in an analogous way but 
higher temperatures are required to initiate the reactions. The 
tri-iodide is not formed by the direct combination of the elements. 

(iii) Boron combines directly with nitrogen forming boron 
nitride. Boron nitride is formed when boron is heated in an atmos- 
phere of nitrogen, ammonia, nitric oxide or air. 

2B--N, =2BN ; 5B+3NO=3BN+B,0, 
Boron nitride is readily hydrolysed by steam. 
BN4-3H.0H =NH; --H,BO; 

(iv) Boron unites with carbon at very high temperatures 
forming boron carbide. It also reacts with sulphur upon being 
heated forming boron trisulphide, B.S,. 

4B+C=B,C 
Boron carbide is among the hardest substances known and is used 
as an abrasive. 

(v) At elevated temperatures, boron combines with most metals 
forming metallic borides. 

3Mg--2B- Mg;B, 

(vi) Boron is oxidised by concentrated sulphuric acid and nitric 

acid to orthoboric acid. 

B--3HNO, =H,BO,+3NO, 
Aqueous solution of hydrogen peroxide and other oxidising agents 
also oxidise boron to orthoboric acid. 

(vii) Boron dissolves in fused alkalis liberating hydrogen and 
forming borates. 

2B-- 6NaOH =2Na,BO,+3H, 
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(viii) Boron plays an important part in the life of plants, For 
the normal growth of many agricultural crops such as cotton, 
tobacco, sugar beet, etc., small quantities of boron compounds in the 
Soil are necessary. 


Boron compounds, Boron is positively trivalent in its com- 
pounds except in the case of the hydrides in which it Shows. 
anomalous valencies, 


Boric acid (more accurately orthoboric acid). Boric acid has the- 
formula H,BO.. It is also known as boracic acid. The acid 
occurs naturally in the hot springs of Italy's volcanic region, 


Preparation, Boric acid is prepared by adding concentrated 
hydrochloric acid to a hot saturated solution of borax ; colourless. 
Soapy crystals of boric acid separate when the solution is cooled, 

Na;B,O; -- 2HCI-4-5H,O = 2NaCl+ 4H, BO, 
The crystals are washed with hot water and are then purified by 
recrystallisation from hot water. 

Boric acid is prepared commercially from the naturally occurring 
deposits of calcium borates called colemanite, The mineral ig 
powdered and suspended in boiling water } sulphur dioxide is then 
passed into the suspension when boric acid and calcium bisulphite 
are formed. On cooling, boric acid crystallises out. 

Ca;B,O, , +250, 4-9H,0 2CaSO, +6H,BO,, 
2CaSO 9 +250; +2H,O = 2Ca(HSO;), 


Properties, (A) Physical properties, Boric acid or orthoboric 
acid is a white crystalline substance which is greasy to the touch, 
+ It is sparingly soluble in cold water but fairly soluble in hot water, 
If a solution of boric acid is boiled, some of boric acid will come 
away together with water vapour, This accounts for its presence 
in volcanic gases, 


(B) Chemical properties, (i) When orthoboric acid is heated 
to 100°C ; it loses water to form metaboric acid which above 140°C. 
further loses water to give tetraboric acid. On heating to a still 
higher temperatures, it is conyerted into a glassy mass of boron 
trioxide, 


100°C 
H,BO, = HBO,+H,0 


140°C 
4HBO; = H,B,0;--H,O 
H;B,0; =2B,0,+H,O 
(ii) Boric acid is a very weak acid and its salts are, therefore, 
hydrolysed by water. It ionisesas: H 3BO,=H*+B03+H,0 
and hence acts as a monobasic acid. 
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It reacts with alkalis according to the equation. 
H,BO,-+NaOH = NaBO; + 2H,0 
Boric acid can be titrated with sodium hydroxide in presence of 
excess of glycerol using phenolphthalein as an indicator. Glycerol 
increases the strength of boric acid. 

Uses. Boric acid is used as an antiseptic in medicine. It can 
be safely used as an antiseptic eye wash. It is also used in the 
manufacture of glasses, enamels and certain paints. It was once 
used as a food preservative but its use for this purpose is now 
forbidden in many countries. 

Borax NajB;O;, 10H,O. Borax is the sodium salt of tetra- 
boric acid (i.e., sodium tetraborate). It occurs naturally as tincal 
in the dried up inland lakes of some parts of India, Tibet and 
California. About 55% of borax is present in native tincal from 
which borax is obtained by treating the mass with hot water, 
* filtering and cooling the filtrate when crystals of borax separate out. 

Manufacture of borax. (a) From colemanite, Colemanite is first 
finely powdered and then. boiled with aqueous solution of sodium 
carbonate. Calcium carbonate is precipitated and a mixture of 
borax and sodium metaborate is formed : 

Ca,B,O, ; -2Na, CO; =2CaCO, - Na; B,0O, --2NaBO, 
The precipitates of calcium carbonate are filtered off and the clear 
filtrate is then allowed to crystallise when crystals of borax separate. 
The mother liquor contains sodium metaborate which is converted 
into borax by blowing carbon dioxide through it. Second crop of 
«crystals of borax are obtained by crystallising the solution. 
4NaBO, +CO, —Na,B,O; --Na,CO; 

(b) From boric acid, It is also manufactured by neutralising 

with sodium carbonate the boric acid obtained from boracite, 
4H,BO,-+Na,CO, 2 Na,B,O; +6H,0+CO, 

‘The solution thus obtained on crystallisation yields crystals of 

borax. 

Properties. Borax forms large, colourless crystals which 
effloresce in dry air. It is soluble in water ; the solution is alkaline 
because borax undergoes hydrolysis forming sodium hydroxide and 
boric acid. 

Na,B,0,+7H,O = 2NaOH +4H,BO, 
‘Since methyl orange is not affected by boric acid, the solutions of 
borax can be titrated with standard hydrochloric acid using methyl 
orange as an indicator. 

When heated borax loses its water of crystallisation and swells 
to form a porous opaque mass which upon further heating melts 
into a transparent vitreous mass, called borax bead. Borax bead 


» 
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dissolves the oxides of various metals forming metallic metaborates 
when heated with them, and from the colours of the borax beads the 
metals in the salts can be identified. The colour of the bead also 
depends on the nature of the flame of Bunsen burner, ie, whether 
it is oxidising or reducing. 


Na.B,0,,10H,O = Na,B,O;+10H,O 
Na,B,O, = 2NaBO, +B;0, 
€ 


CuO +B,0, = Cu(BO RRE 
TH sse OA ? oxidising flame 

CuO--NaBO, = NacuBO, ) 
2Cu(BO,),+C- = Cis(BO,),+C0+B,0, 

cuprous metaborate i 
Cu,(BO,),+C = 2Ci+-CO-+B,0, reducing flame 

re 
Co0+B,0, = Co(BO,), 

( cobaltous metaborate ) 
Fe,0,+3B,0, = 2Fe(BO,), \ oxidising flame 


(ferric metaborate ) J 


2Fe(BO;); +C = 2Fc(BO,), - B,O,-- CO } reducing flame 


( ferrous metaborate ) 

Characteristic bead colours of certain metals are given below : 
Table 6.1 
———— MÀ 

- . Colour of borax bead in 


Compounds of 
Oxidising flame Reducing flame 

Copper Blue Red (opaque) 
Chromium Green Green 
Cobait Blue Blue 
Manganese Amethyst Colourless 
Iron Yellow Bottle green 
Nickel Reddish brown Gray (opaque) 


Uses, Borax is used (i) in the manufacture of glass, enamels and 
glazes ; (ii) in medicine and in-making medicinal soap (iii) as flux 
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to remove metallic oxide scales from metal surfaces on which 
. welding or soldering is to be done (iv) as a laboratory reagent to 
«test analytically the presence of metals whose glassy metaborates 
have characteristic colours (v) in the manufacture of drying. oils 
and varnishes for metals (vi) for stiffening candle-wicks and (vii) for 
glazing paper and playing cards. 

Tests of boric acid and borates, (i) When borates are warmed 
with the methanol CH,OH in presence of concentrated sulphuric 
acid, there is evolved volatile methyl borate which on ignited burns 
with a green flame. 

2Na,BO,,+3H.SO,= 3Na,SO,+2H,BO, 
H,BO,+3CH,OH=(CH,),BO;+3H.0 
In the vase of free boric acid, sulphuric acid need not be added. 


(ii) A strip of turmeric paper when moistened with concentrated 
aqueous solution of borate acidified with hydrochloric acid, is 
turned brown. 


EXERCISES 


1, What is borax? How is it obtained ona commercial scale ? What 
are the uses of borax ? [ C. U. '28, 44.] 


2. Starting from borax, how would you obtain (a) boric acid and 
(b) boron. [C. U, 44] 
3. Write equations for the following: (a) hydrolysis of Na;B,O. 
(b) hydrolysis of BF, (c) hydrolysis of boron nitride and (d) hydrolysis of 
calcium boride. 
4. Describe a method for the reparation of boric acid. Write equa- 
3 tions to show the reaction of boron with: (a) bromine, (b) oxygen. 
(c) sulphur and (d) fluorine. 


5. What is the borax bead test? How is it made and for what types of 
substances is it of value? Describe the chemistry of borax bead test. 

6, What happens when 

a) orthoboric acid is heated. 

b) boric acid is added to sodium hydroxide solution, 

(c) boron tri-oxide is heated with magnesium. 

(d) nitrogen is passed over heated boron and the resulting compound 
is allowed to react with steam. 


(c) a mixture of cupric oxide and borax is heated in oxidising flame. 

(f) a mixture of sodium borate, conc. sulphuric acid and methyl 
alcohol is heated. s 

(g) a mixture of cupric oxide and borax is heated in reducing flame. 

(b) carbon di-oxide is passed through an aqueous solution of 
metaborate. 


7. Explain the following statements : 


(a) aqueous solution of borax is alkaline. 
(b) aqueous solution of borax can be titrated with hydrochloric acid 
using methyl orange as an indicator. - 
(3 boric acid, H,BO, isa mono-basic acid. 
d). boric acid can be titrated with sodium hydroxide in the presence of 
glycerine using phenolphthalein as an indicator. 


CHAPTER VII 


CARBON AND ITS COMPOUNDS 
Atomic weight, 12°011 Atomic number, 6 
Electronic configuration, 1s? 2s? 2p? 


5 Carbon occurs in mature both as free element and in the 
combined state. Elementary carbon is found as diamond and as graphite. 


It is found as carbon dioxide in theair (0°03%). Carbon is found combined - 


with hydrogen in natural gas and petroleum as hydrocarbon. In combi- 
nation with oxygen, it occurs very abundantly in Carbonates such as 
limestone, marble and chalk, CaCO, and magnesite, MgCO,. All living 
matter, both plant and animal, hs composed of substances the main 
constituent of which is carbon. The products of the es A of plant and 


abundantelements on the earth although it constitutes only 0032% of. 


earth's crust. About one million or more than ninetenths of all known 
compounds contain carbon. Because of vast number and diversity of 
carbon containing compounds, special branch of chemistry known as 


Allotropic forms of carbon, The elemental carbon exists in three 
allotropic modifications, e.g, diamond, graphite and amorphous 
carbon. Diamond and graphite are crystalline in structure. The 


third form, amorphous carbon, exists in many varieties such ag’ 


coal, charcoal, coke, etc., of which some have been shown to be 
microcrystalline form of graphite. 
- (i Diamond, Occurrence. Diamond occurs naturally in south 
Africa, Brazil, Ural mountains, India, Borneo and Austrailia, The 
chief source of diamond is South Africa where diamonds are present 
ina curious type of rock called blue-ground. These rocks are 
present in pipes called diamond-pipes which are thought to be the 
neck of extinct volcanoes. It occurs usually in the form of small 
crystals embedded in rocks or disseminated through placer deposits, 
Large diamond-deposits occur in Congo and South Africa, Indian 
diamond occurs in alluvial deposit and river gravels, 

The largest diamond ever found was the Cullinan diamond found 
in South Africa in 1905. It weighed 3106 carats ( 1 carat «0:20 
gram). The Pitt or regent diamond weighed 136} carats, The 
weight of world famous Kohinoor diamond was 106 carats, The 
Hope diamond ( 44} carats ) has an exquisite blue colour. h 

The exact origin of naturally occurring diamond is not known 
but it is very probable that they were formed at vast depths under 
great pressure and were crystallised out from 4 lava or magma which 
consists largely of magnesium silicate, 

Properties. Diamond forms transparent | which are 
colourless when pure, They are usually tinted'à fint yellow but 

e 
I. Ch.—9 - b. 
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may be coloured red, blue or green due to slight impurities. Some 
diamonds are dark grey and even black ; they exhibit a more or less 
imperfect crystalline structure and are known as imperfect or black 
diamonds ( also known as boart or carbonado ). Black diamonds 
have no value as gems but are used in tools for cutting and drilling 
and for polishing other stones. 

The density of diamond is 3:5 gram|ml and its refractive index 
(2:4) is abnormally high. The brilliance of a diamond is due to its 
high refractive index ; when white light passes through a diamond, 
it is broken up into its primary colours. Diamond is the hardest 
substance known. Because of its hardness and high refractive index, 
it is especially valued as a gemstone, Diamond is a non-conductor 
of electricity ; it melts above 3500°C. 

Chemically, diamond is very inert and resists the action of most 
chemical reagents. When heated in air or oxygen at high tempera- 
tures, it burns forming carbon dioxide. If diamond is heated in the 
absence of air, it turns slowly into graphite. 

C (diamond ) > C ( graphite ) 
It is not attacked by acids ; it is slowly oxidised to carbon dioxide 
by hot solution of potassium dichromate in concentrated sulphuric 
acid, It also reacts with sulphur at 1000°C and with fused sodium 


carbonate. 

Diamond is transparent to X-rays whereas the imitation diamond 
which is made of glass is opaque to the rays. 

Structure of diamond, In the diamond crystal, each carbon 
atom is surrounded by four other carbon atoms at the corner of a 
regular tetrahedron. A diagram of the tetrahedral arrangement of 
the carbon atoms is shown in the following figure. 


SN 
quc 
4 prd N 
RPS 
c € 
[7S 
Each carbon atom is joined by a single covalent bond with each 
of four other carbon atoms. Each of these four carbon atoms is 
bonded to three others in addition to the original one. The 
structure is continuous so that the whole crystal is truly a “giant 
molecule”. Many of the covalent bonds are to be broken in order 
to break the crystal. This requires a vast amount of energy and 
hence diamond is the hardest known substance. The melting point 
of diamond is higher than that of any other substance. Because its 
electrons are tightl din covalent bonds and are not free to 
move, diamond is à non-conductor of electricity. 
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Artificial diamond. Many attempts were made to prepare arti- 
ficial diamonds by compressing carbon at high temperatures, But 
until recently, these attempts were fruitless. Only in 1955, American 
and Swedish scientists succeeded in producing synthetic diamonds 
by using very high pressures ( around 70 to 100 thousand atmos- 
pheres ) and prolonged heating at about 3000"C. The procedures 
were based on precise theoretical calculations. The diamonds 
obtained in the form of yellow crystals were no bigger than grains, 
but their genuineness has been established by X-ray analysis. 


Uses of Diamond. Diamond is generally used as a gemstone. 
It is used industrially for cutting glass and drilling rocks, Black 
diamonds have no value as gem. They are used in tools for cutting 
and drilling and-for polishing other stones. Diamond is cut by 
other diamonds. Finely cut and perfectly transparent diamonds are 
called brilliants, 

(b) Graphite. Graphite ( Greek ; meaning “write” ) is widely 
distributed in nature. Large deposits occur in Ceylon, India, Siberia, 
United States, Canada, Bavaria, Bohemia and elsewhere. It occurs 
also in the form of fine crystals in many meteorites, 


Properties, Graphite is a soft, grey-black, crystalline substance 
which is greasy to the touch ; it has a lustre somewhat resembling 
that of a metal. Its specific gravity varies from 2:17 to 2'3. It is 
a good conductor of heat and electricity. Graphite leaves a black 
mark when drawn across the paper. This is basis of the use of 
graphite for the manufacture of lead pencil. At one time, it was 
thought that graphite contains lead and it was, therefore, called 
black lead or plumbago. 

Graphite is slightly more chemically reactive than diamond, It 
burns readily in oxygen forming carbon dioxide, but it does not 
undergo any change when heated in the absence of air or oxygen. 
Chromic acid oxidises it to carbon dioxide. Pure graphite is not 
attacked by dilute acids, chlorine and fused alkaline hydroxides. 
It is slowly oxidised to carbon monoxide by fused sodium carbonate. 
It reacts with fluorine at 500°C forming carbon tetrafluoride CF,. 
Below 100°C, graphite is oxidised slowly by a mixture of nitric acid, 
sulphuric acid and potassium chlorate to a yellow insoluble Solid 
known as graphitic acid which breaks down into mellitic acid, 
C,(COOH), Diamonds are not attacked by the mixture and 
ordinary charcoal is converted into a brown mass soluble in water. 

Artificial graphite. Synthetic graphite is made by Acheson 
process as follows: A mixture of anthracite coal or coke, pitch and 
sand is placed between the electrodes of a rectangular fire-brick 
furnace. The electrodes are made up of graphite. Carbon rods 
are used as core between the terminals. A powerful current 


is passed through the mixture. The mixture’ between: the. 


^ 
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electrodes becomes very hot due to its great resistance and im 

about 24 to 36 hours the carbon is converted into graphite. 

Silicon carbides are first formed but at high temperatures of the 

furnace ( about 3500°C ) these decompose yielding graphite and the. 

silicon volatilises : | 
SiO, +3C= SiC--2CO ; SiC=Si+C (graphite) 

Structure of graphite, Graphite crystallises in hexagonal plates. - 
The structure of graphite crystal is shown in fig. 7.1. The carbor 
atoms are located at the corners of regular hexagons which are 

arranged in parallel planes, The double bonds 


Ty are not in fixed positions so that resonance 
16. yt forms ate possible. The forces bonding the | 

T. carbon atoms within a hexagon are very 
u n strong. The distance between the adjacent — 
Sp carbon atoms of the hexagon (l'42A) isless 
than that between the adjacent planes of 

Fig. 7.1 hexagon (3'4A) Hence the carbon atoms in 


different planes are attracted to each other by 

weaker forces, Because of the weakness of these forces (interplanar 
forces), graphite is very soft and flaky. Out of four valence electrons 
of each carbon atom, only three electrons are involved in the 
formation of covalent bonds with three neighbouring carbon atoms, - 
The fourth electron becomes delocalised and is free to move from 
one layer to other. Consequently, graphite is a good conductor of 
electricity. ] 

Uses of graphite, (i) Since graphite is à good conductor of. 
electric current, it is used in the manufacture of electrodes, (ii) It 
is used in the production of lead pencils, the higher the proportion 
of graphite in the pencil, the softer is the “lead”. (iii) It is used in 
fillers for drycells, and as a lubricant. Because of its resistance to 
oxidation, graphite is used in making crucibles for use at high 
temperatures. (iv) It is used for battery plates and electric-light 
carbons. (v) Graphite in colloidal suspension in water or in oil is used 
as a lubricant under the commercial names of Aquadag and Oild4g. | 

Amorphous carbon. When carboniferous compounds are heated." 
in the absence of air, carbon is formed in the form of a black mas 
called amorphous carbon. The principal varieties of amorpho 
carbon are: charcoal, coke, coal and lampblack. [ 

(a) Charcoal. The main varieties of charcoal are describ 
below : 


which air is excluded. The retorts are heated externally to a very 
high temperature, ‘The volatile matter driven off is led through & 
condenser in which a watery condensate called the pyroligneous acid 
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is separated. From pyroligneous acid, acetic acid, wood alcohol 
{methyl alcohol) and acetone can be extracted. The solid residue of 
wood charcoal which amounts to about one-fourth of the mass of 
original wood is left in the retort. 

Wood charcoal is a black amorphous material which is highly | 
porous, It absorbs many times its volume of gases such as NH,, 
H,8, Cla, etc. For this property, charcoal is used as an adsorbent 
for toxic gases in the canister of gasmask. The adsorptive 
power of charcoal is greatly increased by heating it at 850°C to 
900°C in a stream of air or steam. This increases the surface area 
of charcoal by breaking down the pores and removing any initially 
adsorbed gases. Charcoal obtained after such treatment is known 
as activated charcoal, 


' A very active form of charcoal is made by heating cocoanut 
shell in absence of air. 
(ii) Sugar charcoal. This is the purest amorphous carbon. It is 
made by heating pure cane sugar in absence of air : 
C,,H,,0,, =12C+11H,0 
The resulting charcoal is boiled with acids in order to free it 
from mineral matter. It is then ignited in a current of chlorine to . 


remove the last traces of hydrogen. Tt is next washed with distilled 2 


water and dried by heating ina current of pure and dry hydrogen 
till no more hydrogen chloride is evolved. 

(iii) Animal charcoal ( or bone charcoal or bone-black ). Bone 
charcoal is obtained as the residue from the destructive distillation 
of degreased bones in closed retorts. The volatile products consist- 
ing of ammonia, pyridine and other substances distil off, 


The distillate from bones is known as bone oil or Dippel’s oil and 
is a source of quinoline and other organic chemicals. The residue 
in the retort contains about 10 per cent of carbon disseminated 
through a porous mass of about 80 per cent calcium and magnesium 
phosphate. The product obtained by removing calcium and magne- . 
sium phosphates and other salts by digesting the residue with 
hydrochloric acid is known as ivory black. 

Blood charcoal is prepared by charring blood by the similar 
treatment. 

Bone charcoal has very high adsorptive capacity especially with 
respect to organic dyes. It is used to remove various kinds of 
colouring matter from solutions, Animal charcoal is used for 
decolourising sugar syrup. The decolourising power of charcoal can 
be demonstrated by boiling some indigo solution with powdered 
animal charcoal and filtering. The filtrate is a colourless liquid. The 
colouring matter is adsorbed on charcoal and retained by it. The 
charcoal left after decolourising substances can be revived by boiling 
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it with caustic soda solution and washing. Bone black is revived 
on being heated to redness in closed retort. 

i Properties of charcoal. (a) Physical properties : Charcoal is a 
_ black porous substance ; its specific gravity is 1-3 to 1:9. On account 
“of its porosity, charcoal possesses large surface area and it possesses 
7 the property of retaining various substances on its surface. This 
property is called adsorption. The gases which are adsorbed on 
charcoal are evolved again on heating. But when charcoal is 
cooled in liquid air, it adsorbs almost all gases except hydrogen, 
neon and helium and produces an almost perfect vacuum. It floats. 
on water owing to the fact that it contains adsorbed air. If air is 
removed by placing the charcoal in water in a bottle connected with 

air pump, the charcoal gives out bubbles and sink. 
Ri Charcoal is not soluble in water, alkalis and in non-oxidising: 

acids. Amorphous carbon melts at about 3500°C. 

(b) Chemical properties: Charcoal is chemically the most 
reactive form of carbon, probably due to its large surface area. It 
ignites in oxygen above 400°C forming carbon dioxide. 

C+0,=CO, 
Under ordinary conditions, charcoal does not combine with hydrogen 
a- and at elevated temperatures and high pressures, it combines with 
_ hydrogen forming methane in small quantities. It readily combines 
with fluorine forming carbon tetrafluoride. 
C+2F,=CF, 
Chlorine, bromine and iodine do not react with charcoal. At high 
temperatures, it combines with sulphur forming carbon disulphide ;, 
the reaction is endothermic. 
- C+2S=CS, 
Charcoal combines with a few metals such as lithium, calcium and’ 
aluminium at high temperatures forming metal carbides ; some 
metals such as strontium and barium form carbides when their - 
oxides are heated with carbon. At elevated temperatures, charcoal 
-~ combines with silicon forming silicon carbide or carborundum, SiC. 
Concentrated sulphuric acid oxidises charcoal to carbon dioxide. — 
C-42H,$S0,2 CO, --280, +2H,O à 
Charcoal is also oxidised to carbon dioxide by hot concentrated 
nitric acid. 
C+4HNO, =CO,+2H,0+4NO, 
At high temperatures, charcoal acts as a good reducing agent. It 
reduces the oxides of many metals such as copper, lead, iron and 
zinc to the respective metals. Thus, when a mixture of charcoal 
and litharge (PbO) is heated in a crucible, either carbon ‘monoxide 
or carbon dioxide is evolved and lead remains behind. 


PbO+C=Pb+CO; 2PbO--C-2Pb--CO, 


* 
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Similarly, cupric oxide is reduced to metallic copper. 


Ccu0+C=Cu+Co 

Lamp black, Lamp black or carbon black is made by burning 
natural gas and other substances rich in carbon ( turpentine, 
petroleum, tar, etc.) in a limited supply of air and passing the 
smoke into large chambers in which the coarse “blankets” are 
suspended. The small particles of carbon collect on the blankets as 
flaky deposits known as “soot”. This is subsequently removed. The 
*soot" is one of the purest varieties of carbon, containing 98:6% 
‘carbon and 1:495 hydrogen. It is a bad conductor of heat and 
electricity, 

Lamp black is used in printers’ and India ink, shoe polish and 
black paint. It is also employed as a filler in the manufacture of 
rubber tyres. 

Coal Coal isa complex carbonaceous material of vegetable 
origin. It was formed during an early geological age (about 250 
million years ago) when earth was covered with dense foliage. The 
layers of this vegetation were buried due to the upheavals of the 
earth’s crust as a result of earthquakes and other telluric processes 
and were thus subjected to high temperatures and pressures. A 
slow decomposition of the vegetation then took place underground 
in the absence or in a limited supply of air. Asa result, hydrogen 
and oxygen were eliminated and the residue become increasingly 
rich in carbon. Thus, the vegetation was first converted into peat, 
then into lignite (brown coal), then into bituminous (soft coal) and 
finally into anthracite (hard coal). The carbon content is highest in 
the anthracite and lowest in the ‘peat’, 

Peat, It is the product of the first stage of formation of coals, 
It has a relatively low carbon content which does not exceed 
65 per cent and has low fuel value due to its high ash content, 


Peat coke is made by the dry distillation of peat. Peat coke 
contains very little sulphur and hence is suitable for smelting high 
quality iron. 

Ligoite or brown coal It is more compact than peat and is 
lustrous and brown in colour. It contains 65 to 70 per cent carbon. 
Brown coal has high ash content and hence a low fuel value. 


Bituminous coal, It is thc commonest variety and contains 75 to 
90 per cent carbon. It is the most widely used of all mineral coals, 
Bituminous coal is black, hard and brittle. It burns with a smoky 
flame because of the evolution of large amount of volatile. material. 
Cannel coalis a compact non-lustrous variety which is dull-grey or 
black in colour. Splinters of cannel coal ignite so readily that they 
burn like a candle. It gives large amount of gas and little coke and 
is almost exclusively -used for gas-making. 
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Anthracite or Hard Coal. Anthracite is the oldest of the mineral 
coal. Itis very hard, dense, black and brittle and shows no trace 
of vegetable origin in its structure. It contains about 95 per cent 


` carbon. It contains very little volatile matter and hence burns 


with practically no smoke and flame. Anthracite coal burns slowly 
and gives an intense heat. It is used chiefly as a fuel. 


Coke. Coke is prepared by heating bituminous coal to 900 — 1200*C 
in the absence of air. This process is known as destructive distilla- 
tion of coal because many decomposition reactions occur and the 
volatile products are distilled off. "The residue consisting mainly 
of carbon is called coke. 


Coke is now manufactured in a by-product coke oven which is a 
brick chamber surrounded by heating flues and furnished with a 
pipe. The oven isloaded with bituminous coal and heated in 
absence of air to about 1100°C fora period of 12 to 14 hours. The 
| volatile. substances are thus vaporised and the vapours are passed 
through the pipe to the by-product plant where they are separated. 
When the coking period is over, one ofthe sides of the oven is 
removed and the coke left in the oyen is pushed out by a large ram. 
The white-hot coke is then sent to a quenching tower where it is 
sprayed with cold water. One ton of bituminous coal yields 
1400 pounds of coke. 


Large quantities of coke are used for the manufacture of various 
gaseous fuels. It is largely used for the reduction of oxide ores 
of metals, particularly iron and in the preparation of quicklime, 
phosphorus, carbon disulphide and other substances. 


Oxides of Carbon 


Carbon forms two common oxides, e.g., carbon monoxide, CO 
and carbon dioxide, CO,. Both of them are gases at ordinary 


, temperatures, 


Carbon monoxide CO, 


, Carbon monoxide was made by Lassone in 1776 by heating zinc oxide 
with charcoal. _ Cruickshank in 1800 proved that it was an oxide of 
carbon containing less oxygen than carbon dioxide. Clement and 


‘Desormes determined the composition of the gas more accurately in 1802, 


Carbon monoxide rarely occurs free in nature, Minute traces are found 


in volcanic gases and in meteorites. Tobaccosmoke and the gases from 


blast and other furnaces contain carbon monoxide. It is an important 
constituent of fue] gases such as water gas, producer gas and coal gas. 


Preparation. Carbon monoxide can be prepared by several 


methods : 


(i) By the combustion of carbon in a limited supply of oxygen. 
When a slow current of oxygen is passed through a tube full of red- 
hot coke, carbon monoxide is formed. 


2C+0,=2C0 


& 


L3 


CARBON AND ITS COMPOUNDS 137 


At 500°C, carbon burns even in a limited supply of oxygen yield- 
ing almost pure carbon dioxide. But above 1000°C, the product of 
such a reaction with excess carbon is almost pure carbon monoxide. 


When air is passed through red-hot coke, a combustible mixture 


of carbon monoxide and nitrogen is formed. This mixture ' 


(30—40% CO) called producer gas is used as industrial fuel. 

(i) By the reduction of carbon dioxide with carbon. Carbon 
dioxide can be reduced to carbon monoxide by passing it over red- 
hot.coke or charcoal contained in a tube : 


CO,+C=2C0 


Below 400°C, practically no reduction takes place while above 
1000'C the reduction is almost complete. Any carbon dioxide which 
escapes reduction is removed from carbon monoxide by passing 
through potassium hydroxide solution in which carbon dioxide is 
absorbed. Carbon monoxide is then collected over water or mercury. 

(iii) By the reaction of red-hot coal or coke with steam. If a 
current of steam is blown through a bed of red-hot coke or coal, 
the two react producing hydrogen and carbon monoxide. 

C+H,0=CO+H, 
The resulting mixture has a very high fuel yalue and is known as 
water gas. 

(iv) Carbon monoxide is obtained as a by-product when the 
more refractory oxides such as those of zinc, iron or manganese are 
reduced with charcoal or coke. 

ZnO0+C=Zn+CO 
It is also formed when calcium carbonate or barium carbonate is 
strongly heated with charcoal. 
CaCO, +C=Ca0+2C0 

(v) By dehydration of oxalic acid or formic acid. Laboratory 

preparation. In the laboratory, carbon monoxide is prepared best 


by heating either formic acid or oxalic acid with a dehydrating’ .. 


agent such as concentrated sulphuric acid. Sulphuric acid abstracts 
the elements of water from formic acid or oxalic acid liberating 
carbon monoxide. 

HCOOH+[H,SO,]=CO+[H,0+H,.SO,] 

H5C,0, -[H580,]- CO-- CO, --[H,O--H;$0,] 


Tn the case of oxalic acid, carbon dioxide is also formed and must be 
removed by passing the gas through a solution of alkali. 


A suitable quantity of concentrated sulphuric acid (say 100 c. c.) 
is taken in a flask fitted with a dropping funnel and a delivery 
tube. The flask is heated gently and formic acid is added drop 
by drop from the dropping funnel onto the sulphuric acid. Carbon 
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monoxide evolved is passed through a wash bottle contain 
concentrated solution of caustic potash to remove traces T 
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FREN of carbon monoxide and hydrogen over nickel catalyst at 
0°C. 


2CO--2H, =CH;+C0, 
In the prsence of zinc oxide with some chromium oxide at 350°C 
and under the influence of high pressure, carbon monoxide unites 
with hydrogen to form methyl alcohol (wood alcohol). 

CO--2H; =CH,OH 
Methyl alcohol is manufactured in large quantities by this reaction. 

(iv) Carbon monoxide unites directly with certain metals at 
elevated temperatures and under pressure to form compounds known 
as metal carbonyls, 

Fe+5CO=Fe(CO), ; Ni+4CO=Ni(CO), 
Metal carbonyls are highly volatile liquid or solid which are inso- 
luble in water but soluble in many organic solvents. They 
decompose on heating into corresponding metal and carbon 
monoxide, 

(v) Carbon monoxide is a neutral oxide and does not react with 
water to form formic acid. But under a pressure of several atmos- 
pheres and at a temperature of 200°C it reacts with alkalis to form 
its salts, formates. Thus sodium hydroxide reacts with carbon 
Monoxide to form sodium formate. 

NaOH 4-CO 2 HCOONa 

(vi) Reducing property. In CO, the oxidation state of carbon 
is +2. Carbon usually exists in +2 and +4 state ; the +4 state 
being more stable than +2 state, In reactions of CO, therefore, 
carbon transits from +2 oxidation state to +4 oxidation state. 
Consequently, CO is à very good reducing agent. Oxides of iron, 
lead, copper, etc are reduced by carbon monoxide to the 
corresponding metals. 

CuO 4-CO 2 Cu-- CO, ; PbO-- CO- Pb-4-CO, 
Tt reduces iodine pentoxide to iodine : 
1,0,+5CO=1,+5CO, 


- Water is reduced to hydrogen when a mixture ofsteam and carbon 
- monoxide is passed over a catalyst usually FeO, heated to 500°C, 
H,0+CO=H,+CO, 

Tests, (i) Carbon monoxide burns with a blue flame forming 
carbon dioxide which turns lime water milky. 

(ii) A piece of white filter paper moistened with a solution of 
palladous chloride when exposed to carbon monoxide is turned pink, 
Breen or black due to the reduction of palladous chloride by carbon 
monoxide to palladium : 


PdCl, +H,0-+CO - Pd--2HCI-- CO, 
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(iii) A small quantities of carbon monoxide in air can be 
detected by shaking diluted blood with the air, adding ammonium 
sulphide solution to it and examining the resulting solution spectro- 
scopically. The presence of two absorption bands is the evidence of 
the presence of carbon monoxide. 

The solution obtained after shaking diluted blood with the air on 
treating with a solution of tannin gives a red precipitate if carbon 
monoxide is present while normal blood gives brown precipitate. 


(iv) Jodine pentoxide is readily reduced by carbon monoxide to 

iodine at 90°C ; 

5CO--1,0, =I, 4-5CO, 
The liberated iodine may be titrated with standard thiosulphate 
solution and the quantity of carbon monoxide is calculated from the 
data thus obtained. The liberated iodine gives a violet solution 
with chloroform or carbon disulphide. This is a very sensitive test 
of the gas. 

Uses of carbon monoxide. (i) Carbon monoxide is used as a 
fuel either in the form of producer gas or water gas. (ii) It is used’ 
as a reducing agent in the extraction of metals. Carbon monoxide 
is employed in the extraction of nickel from its ores where its use 
depends upon the formation and subsequent decomposition of nickel 
carbonyl. (iii) It is used in the manufacture of methanol ( wood 
alcohol). It is employed in the manufacture of gasoline by Fischer- 
Tropsch process. (iv) Carbon monoxide is used for the manufacture 
of phosgene which is used in the dye industry and in chemical 
warfare, (v) Itis also used in the synthesis of sodium formate. 

Structure of carbon monoxide. The structure of carbon monoxide 
molecule is best represented as a resonance hydrid of the following: 
possible structures : | 


:C=0: : Cm: : c—ö: 


Carbon dioxide, CO, 


ioxide was firat discovered in about 1630 by J. B. Van Helmont: 
An A it by the action of acids on calcareous substances, J, Black 
in 1755 called the gas "fixed air", In 1783, Lavoisier showed that it was 
an oxide of carbon and called it the ''carbonic acid gas", The composition 
of the gas was first determined by Lavoisier. 
ide occurs in the atmosphere in the free state to the extent 
of Caron a volume. Large quantities of carbon dioxide pass into 
the atmosphere by the combustion of carbonaceous fuels, respiration of 
animals, decay of organic matter and decompositions of carbonates. It is 
found in certain mineral waters. Since carbon dioxide is heavier than air, 
it is inclined to collect as a gas in old deep wells, in depressions in ground 
near lime kilns and in certain localities such as the Poison valley in Java 
and Grotta de! Cane near Naples where carbon dioxide is evolved through. 
vents and fissures in the earth's crust. Certain depressions in the 
neighbourhood of extinct volcanoes such as that near the Rhine are- 
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constantly filled with carbon dioxide. Animals entering such places are 
suffocated and die. 


In combination, it occurs as carbonates of calcium such as lime-stone, 

marbles, chalk, etc., and of magnesium such as dolomite and magnesite. 
Preparation of carbon dioxide, (i) By the combustion of carbon 
‘or compounds of carbon in air or oxygen, On heating in excess of 
air or oxygen, amorphous carbon reacts vigorously with oxygen 
‘forming carbon dioxide. 
C+0,=CO; 
‘Methane and ethyl alcohol also burn in excess of oxygen yielding 
carbon dioxide : 
CH,+20,=CO,+2H30 
C,H;0H 30, =2CO,+3H,O 

All such combustions are exothermic 


(ii) By the thermal decomposition of.metal carbonates and hy- 
drogen carbonates. Large quantities of carbon dioxide are produced 
by heating calcium carbonate (limestone) at a red heat : 

CaCO, =Ca0+CO, 
"Pure carbon dioxide is evolved when pure sodium bicarbonate is 
heated t 

2NaHCO, =CO, -- Na,CO; --H,O 


(iii) By the fermentation of sugar (glucose). Large quantities of 
carbon dioxide are produced by the fermentation of sugars or subs- 
tances containing sugars by the catalytic action of enzymes present 
iin yeast. 

C,H; .0,=2C,H,OH+2C0, 


Alcohol is the principal product and carbon dioxide is the by- 
"product, 
(iv) By the action of acids on carbonates, Laboratory preparation, 
In the laboratory, carbon dioxide is usually prepared by the 
-action of dilute hydrochloric acid on marble, limestone or chalk 
( calcium carbonate ) : 
CaCO, +2HCl=CaCl, +H,O+CO, 
Dilute sulphuric acid is not used in the preparation because calcium 
sulphate formed is very sparingly soluble and forms a coating on 
lumps of limestone or marble. 
CaCO, +H.SO,=CaSO,+CO,+H,O 
This coating of calcium sulphate prevents marble or limestone from 
coming in contact with the acid and consequently further reaction is 
stopped: ; . , 
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Some small pieces of marble are placed in a Woulfe’s bottle and 
covered with water. . The Woulfe's bottle is fitted with a thistle 
funnel and a delivery tube. 
Moderately strong hydro- 
chloric acid is then added 
through the thistle funnel the 
end of which dips into the 
liquid. Rapid effervescence 
takes place and carbon dioxide 
is evolved, The gas is collected 
by the upward displacement 
of air. 

Purification. The gas thus 
obtained contains HCl vapour. 
It is passed through sodium 
bicarbonate solution to remove Fig. 7.3 
hydrogen chloride and then through concentrated sulphuric acid 
to remove moisture. The gas is finally collected over mercury. 

Properties, (A) Physical properties : Carbon dioxide is a colour- 
less, odourless gas with slightly sour taste. It is heavier than 
air and dissolves fairly readily in water. At a pressure of 60 atm 
and at the ordinary temperatures, carbon dioxide condenses to a 
colourless liquid. The liquid freezes at —56'6°C under a pressure 
of 5:2 atmospheres to a snow-white solid ‘which sublimes at —78°C 
under normal pressure. Because ofits high vapour pressure and 
ia CR ability to sublime, solid carbon dioxide is known as 

ry ice, 

(B) Chemical properties: (i) Carbon dioxide is very stable 
with respect to heat ; at 2000°C it is only 1:8% dissociated into 
carbon monoxide and oxygen : 

2C0,222CO--O, FT 
At high temperatures, therefore, carbon dioxide may act as an 
oxidising agent. $, 

(ii) Oxidising properties. Carbon usually exists in +2 and +4 
oxidation state in its compounds, In carbon dioxide, carbon exists 
in its highest oxidation state, viz, +4. Soin reactions of carbon 
dioxide, carbon is only capable of going from +4 state to any other 
lower oxidation state. Hence carbon dioxide is only capable of — 
acting as oxidising agent, Carbon dioxide is reduced by red-hot 
carbon, iron or zinc to carbon monoxide : _ 

CO,+C =2CO 
CO, + Fe=CO+FcO 
CO,+Zn=CO+ZnO 
Certain very active metals whose affinity for oxygen is considerably 


H 
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greater than that of carbon reduce carbon dioxide to carbon at 
high temperatures. Thus, ignited sodium, potassium and magnesium 
continue to burn in a jar of carbon dioxide, withdrawing the oxygen. 
from the gas. 
4Na4-3CO, =2Na,CO;+C 
4K. -3CO, =2K,CO,+€ 
; 2Mg+CO, =2Mg0+C 
(iii) Carbon dioxide is an acidic oxide ; it dissolves in water to 
i form carbonic acid. It is, therefore, known as carbonic anhydride. 
Carbonic acid has never been isolated and is known only in aqueous. 
solution. 
H,0+CO, = HCO, 

Carbonic acid forms two series of salts, namely, normal 
carbonate, e.g., Na, CO, and the hydrogen carbonates or bicarbo- 
nates, e.g, NaHCO,. If carbon dioxide is passed through a 
solution of sodium hydroxide, normal sodium carbonate is first 
formed : l 

2NaOH-- CO, = Na,CO; +H,0O 
but if excess of the gas is passed through the solution, sodium 
bicarbonate results : 
NaOH+CO, 2 NaHCO; 
If carbon dioxide is passed into lime water, calcium carbonate is 
precipitated and the lime water is.turned milky : 
Ca(OH); --CO; =CaCO, +H,O 
However, if carbon dioxide is passed through lime water for a long 
time, the liquid is first turned milky, then gradually begins to be 
clear and finally becomes quite transparent. The precipitate dissol- 
ves owing to the formation of the soluble bicarbonate : ] 
d CaCO, --H,O4- CO, =Ca(HCO,)o 
The milkiness appears on boiling the solution or if the solution is 
-deft standing for a long time in the air, since the bicarbonate decom- 
~~ poses liberating carbon dioxide and forming calcium carbonate back. 
Ca(HCO,),=CacO, 4- CO, --H,O 


1 Carbon dioxide unites with oxides of active metals to form the 
corresponding carbonates : 
Ca0--CO; - CaCO; 
Na,0+CO, 2N25CO, 

(iv) Since carbon dioxide is formed by the complete oxidation 
of carbon, it neither burns nor supports combustion. It is, therefore, 
used as a fire-extinguisher. As little as 2:57; carbon dioxide in air 
vill extinguish a burning candle. 
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Carbon dioxide is not poisonous to higher animals but it does 
not support respiration and animals die in it from suffocation, 
About 5%, of the gas mixed with oxygen serves as a stimulant to 
respiration, 


(v) In the presence of ultraviolet light and chlorophyll (the 
green colouring matter of plants ), plants convert carbon dioxide of 


the atmosphere, and water into Sugars, starches and other organic 
compounds. The process is known as photosynthesis. 


Tests, (i) Carbon dioxide extinguishes a burning candle, ~ 


(ii) Lime water is turned milky when the gas is passed through it, 


Uses of carbon dioxide. (i) The most important use of carbon 
dioxide is in the growth of plants. 

(ii) It is used in the production of carbonated beverages, The 
solubility of carbon dioxide in water is increased by pressure. 
“Lemonade” and “soda water” are aqueous solution of carbon 
dioxide under a pressure of 3 to 4 atmospheres. 

(iii) Carbon dioxide is employed in industry in various ways. 
Itis used in the manufacture of sodium carbonate by Solvay's 
process, in the refining of sugar and in the manu- 
facture of salicylic acid and urea. It is used in 
the manufacture of pigment known as white lead, 
a basic lead carbonate, 

(iv) Since carbon dioxide is a non-supporter 
of combustion, it is used as a fire-extinguisher, 
There are several types of carbon dioxide fire- 
extinguisher, 

A diagram of a common type of fire-extin- 
guisher is shown in fig. 7.4. It consists of a strong 
metal cylinder, which is almost completely filled 
with a concentrated solution of NaHCO,. At the 
top of the cylinder, there is a glass bottle containing 
conc. sulphuric acid. To set the fire-extinguisher 
off, it is inverted and the glass bottle is broken 
by a plunger mounted at the cap. The two liquids 
mix and a violent reaction takes place liberating a 
large amount of carbon dioxide : 

NaHCO, +H,SO,=NaHSO,+H;0+C0;. 

The pressure set up by the accumulating gas forces the mixture 
of liquid and gas through a nozzle with sufficient force over the 
flame. 

Another type of fire-extinguisher built on the same general 
principle as above contains sulphuric acid and a solution containing 
baking soda (NaHCO;) and aluminium sulphate. Aluminium 
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sulphate reacts with baking soda to form a suspension of aluminium 
hydroxide : 
Al,(SO,)3-+ 6NaHCO; 2 2AI(OH); +3Na 80, -- 6CO 


Sulphuric acid reacts with sodium bicarbonate forming carbon 
dioxide and the pressure set up by the gas throws a stream of a 
foamy suspension of aluminium hydroxide which is highly effective 
in blanketing oil fires. The froth is stabilised with a small amount 
of licorice or similar organic material. 


Another type of fire-extinguisher consists of a cylinder filled 
with liquid carbon dioxide under pressure. When the valve of the 
cylinder is opened, a stream of gaseous carbon dioxide is emitted 
through a funnel shaped nozzle. The chief advantage of this type 
of fire-extinguisher is that it leaves no liquid residue which might 
damage any substances not affected by fire. 


(v) Carbon dioxide is used as a stimulant to respiration. 


(vi) Solid carbon dioxide is used as a refrigerant and in the 
packing of frozen foods and in various types of coolers. 


Structure of carbon dioxide. The carbon dioxide molecule is 
linear. The molecule is best represented as a resonance hybrid of 
three structures : 

:0=C=0: :0=C_0: i0—Ca0: 


Carbonic acid and the carbonates, A solution of carbon dioxide 
in water reacts slightly acidic with litmus. This is due to the 
presence of small quantities of carbonic acid, HCO, formed by 
the reaction between carbon dioxide and water : 

CO,--H5,0 = HCO; 
The acid is unstable and has never been isolated. It is known only 
in aqueous solution. It is a weak dibasic acid and yields two series 
of salts : neutral salts which contain the CO;? ion and acid salts 
_ which contain the HCO; ion. 

HCO; = H* -HCO;! 

HCO;! = Ht+Co;? 
The neutral salts containing the CO;? ion are called carbonates and 
the acid salt containing the HCO;! ion, the bicarbonates or hydro- 
gen carbonates. 

(i) Carbonates. Carbonates may be prepared by the action of 
carbon dioxide on basic oxides in the presence of a trace of 
moisture : f 

Ca0--CO, = CaCO; 
Na,O+CO,=Na,CO; 
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They are also produced by the action of carbon dioxide on the 
solutions of hydroxides : 

Ca(OH), 4- CO, =CaCO,+H,O 

2NaOH+CO, = Na,CO,+H,O 
They are also obtained by the double decomposition reaction 
between the soluble salts of carbonic acid and the salts of other 
acids : 

BaCl, + Na, CO, = BaCO, +2NaCl 

CaCl, +Na CO, =CaCO, +2NaCl 
Barium carbonate and calcium carbonate are obtained in the form 
of white precipitates. 

When heated more or less strongly, all the carbonates except 
those of alkali metals decompose into carbon dioxide and the oxides 
of the corresponding metals : 

MgCO, =Mg0+CO, 
CaCO, =Ca0+CO, 

Among the most common carbonates, only potassium, sodium 
and ammonium carbonates are soluble in water, The solutions of 
sodium and potassium carbonates are strongly alkaline owing to 
hydrolysis : 

Na4CO; --H4,0 = NaOH +NaHCo, 
Their solutions can be titrated directly with acids. If phenolphtha- 
lein is used as indicator, it becomes colourless at the half-way stage, 
i.e., when carbonate is converted into bicarbonate since bicarbonate 
is neutral to phenolphthalein : 

2Na,CO, 4- H,SO, = Na,SO,+2NaHCO, 
But if methyl orange is used as an indicator, the end point is not 
indicated until all the carbonate haye completely reacted with the 
acid used in the titration, forming the salt of the acid : 

Na,CO,-+H,SO,=Na,SO,+H,0+CO, 
The carbonates of all metals react with acids liberating carbon 
dioxide and forming the salt of the acid : 

Na,CO; +2HCl=2NaCl+H,O+CO, 

(ii) Bicarbonates, The acid salts of carbonic acid of greatest 
practical importance are sodium bicarbonate, NaHCO, (baking soda) 
and potassium bicarbonate, KHCO,. They are obtained as preci- 
pitates when carbon dioxide is passed into concentrated solution of 
the normal carbonates. 

Na,CO,+H,0+CO, =2NaHCO, 
K,CO,+H,0+CO, =2KHCO, 
Other bicarbonates are yery unstable so that they do not exist in 
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the solid state. ' They can, however, be obtained in solution by the- 


reaction between carbonic acid (CO; -- HO) with hydroxides, and 
carbonates. 

CaCO, +H,0+CO, — Ca(HCO;), 
On heating, all bicarbonates are decomposed to the corresponding 
normal carbonates, thus 

Ca(HCO,).=CaCO,,+H,0+CO, 
All bicarbonates are soluble in water ; the bicarbonates of sodium 
and potassium are less soluble than their carbonates while the 
bicarbonates of alkaline-earth metals are soluble but their carbonates 
are insoluble. Bicarbonates are decomposed by acids in a manner 
similar to carbonates, e.g., 

2NaHCO; --H,SO, — Na,S0, -2CO, + 2H5O 

Comparison of carbonates and bicarbonates. (i On heating, all 
carbonates except those of sodium and potassium decompose into 
the metal oxide and carbon dioxide while bicarbonates decompose 
into normal carbonates and carbon dioxide. 

(ii) Both the carbonates and the bicarbonates of the alkali 
metals are soluble in water, the carbonates being more soluble. 
Other metal carbonates are insoluble whereas their bicarbonates are 
generally more soluble. 

(iii) Both carbonates and bicarbonates react with dil. HCl 
with effervescence of carbon dioxide. 

(iv) When treated with mercuric chloride solution, soluble 
carbonates give an immediate browa precipitate of a basic mercuric 
carbonate, while soluble bicarbonates give the precipitate only on 
heating. ^ 

(v) When treated with a solution of magnesium sulphate, 
soluble carbonates give a white precipitate of magnesium carbonate 
while soluble bicarbonates give the precipitates only on boiling : 

MgSO, +Na;CO,=MgCO,+Na,SO, 
MgSO, --2NaHCO, = Mg(HCO,).+Na.S0, (in cold) 
Mg(HCO,;),—MgCO, + H,O0+CO, (on boiling) 


APPENDIX 


(1) To show that the allotropes of carbon consist entirely of the 
same element. A known weight of one allotrope of carbon is taken 
ina porcelain boat and heated strongly in a stream of dry pure 
oxygen in a glass tube. Carbon dioxide formed passes through the 
black copper oxide which oxidises any carbon monoxide which 
might be formed to carbon dioxide and is absorbed in solution of 


potassium hydroxide contained in U-tubes which were weighed. 
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previously, The increase in weight of the U-tubes gives the weight 
of carbon dioxide formed. The experiment is repeated with an 
pix Weight of other allotropes of carbon and the same increase 
of weight in the U-tubes is observed in each case, Thus the same 
weight of carbon dioxide is formed when same weight of different 
allotropes of carbon are burnt in oxygen—a fact which is only 
possible if the different allotropes consist of the same element, 
carbon. 

(2) To prove that carbon monoxide and carbon dioxide contain 
carbon, A piece of ignited magnesium is introduced into a jar of 
carbon dioxide when it continues to burn in the gas. Black 
carbon particles are separated and magnesium oxide is formed : 

2Mg4- CO, =2Mg0+C 

The residue is treated with hot dilute hydrochloric acid when 
magnesium oxide dissolves, carbon being left undissolved. Carbon 
particles are filtered off, washed with water and then dried. 
They are then burnt in oxygen and the resulting gas turns lime- 
water milky. Hence, these black particles are carbon and they 
have come from carbon dioxide. Hence, carbon dioxide contains 
carbon, 

In order to prove that carbon monoxide contains carbon, „the 

-gas is passed over red-hot cupric oxide taken in a hard-glass tube 

when carbon monoxide is oxidised to carbon dioxide. A piece of 
ignited magnesium is then introduced into the resulting gas when 
magnesium burns forming magnesium oxide with the separation of 
black particles. That these black particles are carbon is proved by 
the tests given above. 

(3) Conversion of carbon monoxide into carbon dioxide and 
vice-versa. Carbon monoxide on burning in oxygen is converted to 
carbon dioxide. When carbon monoxide is passed over heated 
cupric oxide, lead oxide or zine oxide, it is oxidised to carbon 

- dioxide : 
2CO 4-0, 2CO, ; CO4-CuO »« Cu4- CO, 
When carbon dioxide is passed over red-hot carbon, it is reduced 
to carbon monoxide. 
CO,+C=2C0 
The mutual conyersion of carbon monoxide into carbon dioxide 
+ can be expressed by the following equation : 
- red-hot carbon 
CO, = 2cO 
: burning in oxygen 
(4) Identification of CO, and SO, in a mixture of them. The 
: mixture of CO, and SO; is passed through acidified solution of 
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potassium dichromate when the solution turns green, This proves 
the presence of SO, in the mixture. 
K,Cr,0, +380, -H580, =K,SO,+Cr.(SO,)3 -- H50 

Sulphur dioxide is absorbed in the solution while carbon dioxide 
remains unabsorbed. 

The unabsorbed gas which comes out of the solution turns 
lime-water milky when passed into it. Hence, it is: carbon dioxide. 
This proves the presence of carbon dioxide in the mixture. 

(5) Comparative study of carbon monoxide and carbon dioxide. 


Carbon monoxide Carbon dioxide 


(1) It is a colourless, odourless | It is a colourless, odourless gas, 
and nearly tasteless gas. | with slightly sour taste. Under. 
The gas condenses 'to a | pressure and at ordinary tempera- 
colourless transparent | ture, it condenses to a colourless. 
liquid at — 192°C. liquid. 

(2) It is slightly soluble in | It dissolves fairly readily im 

bined and does bs react | water to form carbonic acid : 
wit water chemically. 
Under high pressure and H10 CO m HaCOS 
high temperature it reacts 
with alkalis to form 
formates : 


NaOH+CO=HCOONa 
(3) It. buras in air or oxygen | It is non-combustible — and 
with a bluish flame to | ordinarily is nota supporter of 
form carbon dioxide : combustion, 
2C0+0,=2CO, 
It is not a supporter of 
combustion. 


(4) In carbon monoxide the | Carbon dioxide cannot act as: 
oxidation number of | reducing agent because in CO, 
carbon is +2. Hence, it | carbon isin the highest state of 
can be easily oxidised to | oxidation, viz., +4. 

Saree dires monoxide Carbon dioxide can act as a 

is a reducing agent oxidising agent in reactions in 

x which carbon of carbon dioxide 

changes its oxidation state from: 
+4 to --2 r0. For example, 


CO,+Zn=Zn0+CO 
| 4K+3CO,=2K,CO,+C 
M——M— 


» 
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Carbon monoxide Carbon dioxide 


(5) Carbon monoxide can | Carbon dioxide cannot form 
form additive compounds | addition compounds. 
such as carbonyl chloride, 
carbonyl sulphide, and 
metal carbonyls. 


CO+Cl, =COCI, ; 
CO+S=COS; 
Fe+5CO=Fe(CO), 
(6) Carbon monoxide is absor- | Carbon dioxide is absorbed by 


bed byammoniacal cuprous | NaOH, KOH, etc., solution, 
chloride solution. 


EXERCISES 


1. Whatare the allotropes of carbon ? Compare the physical properties 
of diamond and graphite. How would you prove that allotropes of carbon 
consist entirely of the same element ? How would you account for the 
extreme hardness of diamond ? 

2. Describe the artificial production of graphite. How would you — 
account for the following facts, 

(a) Graphite is a good conductor of electricity while diamond is 
not s0. M n 

(b) Graphite is easily split into thin plates while diamond is split 
only with difficulty. 

How can synthetic diamond be made? What are the uses of diamond 
and graphite ? 

3. How doescarbon occur in nature? Describe with equations the 
typical chemical properties of carbon. 

4. How would you prepare carbon monoxide in the laboratory? 
Discuss the conditions that determine whether carbon and oxygen will 
form the monoxide or the dioxide. 

Under what conditions does carbon monoxide react with alkalis ? 
Discuss the reaction of CO with Cl,, N, and the haemoglobin, " 

5. How is carbon monoxide converted into carbon dioxide and carbon 
dioxide into carbon monoxide ? P 

6. What is the physiological effect of CO on our bodies? “Carbon 
monoxide is a good reducing agent while carbon dioxide does not so 
serve," —Explain. 

7. Describe the laboratory preparation of carbon dioxide. Why is HCI 
and not H,SO, used in the preparation of carbon dioxide from marble ? 

8. Givean account of the properties and industrial uses of carbon 
dioxide. What is “dry ice" ? Why does dry ice sublime and not melt at 
one atmosphere pressure ? - 

9. Whatfunction doescarbon dioxide play in the life processes of 
plants and animals? Why is solid carbon dioxide used as a refrigerating 
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agent? Write equation for the reaction that takes place when carbon 
dioxide is bubbled through lime water until lime water again becomes 
clear. 


10. What is the action of steam on red-hot carbon. How is this reaction 
adopted for industrial use ? Name the constituents of water gas. 


“ 11. What principles are involved in extinguishing a fire? Describe 
the operation and chemistry of soda.acid type fire-extinguishers. 


12. Describe the manufacture of coke. 


13. Explain what is meant by te terms combustion and Eas T 571 
Cau.’ 


14. Explain with equations what happens when : 
. (i) calcium carbide is treated with water. 
(ii) air is passed through a bed of red-hot coke. 
(iii). steam is passed through a bed of red-hot coke. 
(iv) carbon dioxide is passed into KOH solution. 
15. Explain the following,statements : 


(a) Diamond and graphite are allotropic forms of carbon. One is hard 
and resistant to attack by chemicals while the other is soft and less 
resistant to attack by chemicals. (I. S. C. (12), 78 J 


(b) Carbon monoxide is a good reducing agent while carbon dioxide 
is a good oxidising agent. 


(c) Charcoal floats on water although its specific gravity is greater 
than that of water. 


(d) Carbonic acid is a di-basic acid. 


16. How would you prove that carbon monoxide and carbon dioxide 
v €ontain carbon. 
+ o. AT. (a) How would you identify carbon monoxide and hydrogen ina 
api mixture of them ? 
| (b) How would you detect the presence of carbon dioxide and nitrogen 
in the mixture of them ? 


(c) How would you identify carbon dioxide and sulphur dioxide in a 
mixture of them ? 


18. Compare the properties of carbon monoxide with those of carbon 
dioxide. 


19, What happens when 
(a) a mixture of carbon monoxide and chlorine is exposed to sunlight. 


(b) carbon monoxide is passed through sodium hydroxide solution 
under pressure, 


(c) carbon monoxide is passed through ammoniacal cuprous chloride 
solution, 


(d) steam is‘passed over red-hot coke. 

(e) carbon monoxide is passed over heated cupric oxide. 

(f) carbon dioxide is passed through lime-water. 

(g) carbon dioxide is passed through sodium hydroxide solution. 


(b) a burning magnesium ribbon is placed into a jar of carbon 
dioxide. [ H. S, 71] 


CHAPTER VIII 
PHOSPHORUS AND ITS COMPOUNDS 


Atomic weight, 30:975 Atomic number, 15 ; 


Electronic configuration, 1s? 2s? 2p* 3s? 3p* 


Phosphorus was discovered in 1674 by the German alchemist Brand. 
In the course of his search for the philosopher's stone, a substance that 
was thought capable of changing baser metals to gold, he distilled a 
mixture of sand and the residue left on evaporation, of urine and obtained 
a solid substance which had the property of glowing in the dark. To it, 
he gave the name, ore ( phos, light ; phero, I carry). Phosphorus 
was obtained in 1771 by Scheele from bone ash. The elementary nature 
of phosphorus was first recognised by Lavoisier. 


Phosphorus does not occur free in nature because of its reactivity in 
air. It, however, is widely distributed in the form of phosphates. Some of 
the minerals containing phosphorus are : chlorapatite, 3Ca, (PO,) 4, CaCl, + 
fluorapatite, 3Ca, (PO,),, Cal, ; phosphorite and sombrerite, Ca, (PO,), ; 
vivianite, Fe,(PO4),, 8H,O , wavelite, 4AIPO,, 2AI(OH),, 9H,0. The 
most important of these is the mineral phosphorite commonly called 
phosphate rock. Monazite is a valuable mineral which contains the 
phosphates of rare earth metals. 


The animal body contains complex organic phosphorus compounds in 
the nerves, muscles and brains; bones and teeth are made up largely 
of calcium phospnate and calcium carbonate. Phosphorus is thus essential 
to the growth of plant and animal. A growing child needs foods which 
contain phosphorus and calcium, Milk, egg, seeds such as peas an 
beans, and wheat grains also contain combined phosphorus. be 


Preparation of phosphorus, (i) Retort Process (Old process), 
In this process, phosphorus is manufactured largely by heating 
bone ash with sulphuric acid. The bones contain calcium phosphate 
(about 58%), a little calcium carbonate, fats, gelatin, and 
nitrogenous organic matters. The bones are digested with benzene, 
or caibon disulphide to remove fats and greasy matters. “Degreased 
bones” thus obtained are then digested with water under pressure to 
remove gelatin. The “degelatinised bones" ramaining are then 
subjected to destructive distillation in a closed vessel when bone- 
black is formed, Bone-black on being heated in air gives bone- 
ashes. Bone ash contains mainly calcium phosphate (about 80%). 

Powdered bone ash is heated with hot and fairly concentrated 
sulphuric acid when insoluble calcium sulphate and phosphoric acid 
are formed : 

Ca, (PO,)o+3H,SO, —3CaSO, +2H,PO, 
Calcium sulphate is filtered off and the filtrate containing phosphoric 
acid is evaporated to a syrup. Phosphoric acid on heating loses 
water to give metaphosphoric acid : 
H,PO,=HPO,+H,O 


, s 
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The metaphosphoric acid is then mixed with powdered coke ; the 
mixture is distilled in fire-clay retorts at a bright-red heat. 
Phosphorus formed yaporises and the vapour is led under water 
when it condenses as white phosphorus and the mixture of CO and 


Hg escapes. 
4HPO,+12C=P,+2H,+12CO 
This process of manufacturing phosphorus is now obsolete. 


Preparation of bone-black and bone-ash, Bones contain fat, 
gelatin, nitrogenous compounds and small amount of calcium 
carbonate, 


The bones are cut into pieces and boiled with water and 
filtered. They are then digested with carbon disulphide or 
carbon tetrachloride to remove fats and greasy substances. 
The pieces of degreased bones thus obtained are then heated 
in superheated steam to remove gelatin. They are then 
subjected to destructive distillation in aclosed vessel in absence 
of air. The black mass that remains after distillation is called 
bone-black or bone-charcoal. When bone-charcoal is heated 
strongly in air, bone-ash is formed. Bone-ash contains 80% calcium 
Phosphate and is an important source of phosphorus. 


The electric furnace process. Phosphorus is now made by 
heating natural phosphate, Ca, (PO,). with sand and coke without 
access of air in special furnaces by means of electric current. In 
order to understand the reaction, calcium phosphate is conceived 
‘as a compound of calcium oxide and phosphoric anhydride 
[Ca,(PO,),=3CaO, P,O,]. At high temperatures, silica, SiO. on 
account of its nonvolatility displaces phosphorus pentoxide from 
Ca,(PO,), and combines with calcium oxide forming calcium 
silicate, CaSiO,. Phosphorus pentoxide is then reduced by coke to 
elemental phosphorus : 


P,0,.3Ca0 + 3Si0, =3CaSiO, +P,0,; P,0,--5C—2P--5CO 
By adding up these two equations, we get the over-all reaction : 
Ca;(PO,).+3SiO, +5C=3CaSiO, +2P+5CO 


The phosphorus liberated leaves the furnace as vapour and is 
condensed under cold water to white phosphorus. 


_ A mixture of mineral phosphate, sand and coke is introduced 
into a closed electric furnace through hopper by a screw conveyer. 


The furnace is made up of brick-work and is provided with an 
outlet above for the escape of gases and phosphorus vapours and a 
slag hole below. Two carbon electrodes through which an electric 
are is struck are fixed near the bottom of the furnace. By passing 
electric current through the electrodes the furnace is heated to 
very high temperatures when the reaction takes place and 
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phosphorus, carbon monoxide and calcium silicate are formed. i 
Phosphorus liberated vaporises and the mixture of phosphorus: 
vapours and carbon monoxide 
leaves the furnace through the Mixture of phosphate rock 
outlet at the top and is bubbled silinasendi cement 
under cold water where phos- i 
phorus vapours condense as white 
phosphorus and carbon monoxide 
passes out, The calcium silicate 
collects at the bottom of the 
furnace as a liquid slag which is 
drawn off at intervals, 
Purification, Crude phos- 
phorus thus obtained is not pure 
and contains carbon, sand and 
other impurities. In order to 


Vapours of 


purify it, the crude phosphorus keszat-s d—siag 
is melted under hot water and 
stirred with a mixture of Fig. 8.1 


sulphuric acid and potassium dichromate when some of the 

impurities are oxidised and pass into the solution and other* 
impurities separate and rise asa scum. The liquid phosphorus is . 
then filtered through canvas. Colourless phosphorus is finally cast . 
into sticks and is stored and transported under water as it inflames 

at very low temperatures in contact with air. 


Allotropes of phosphorus, Phosphorus exists in several allotropic à 
modifications. The most important of these are white (or yellow). 
phosphorus and red phosphorus. 

(i) White phosphorus. White phosphorus is obtained when 
phosphorus vapours are cooled rapidly, Itis a translucent, waxy,.. 
white, crystalline solid. Above 15'C, it softens and can easily be 
cut with a knife. It melts at 442°C and begins to boil at 280°S°C, 

White phosphorus is scarcely solube in water but it is readily 
solube in benzene, olive oil, carbon disulphide, sulphur chloride and- 
phosphorus trichloride, Carbon disulphide dissolves nine times its. 
weight of phosphorus. 

It sublimes at room temperature ; the vapours of phosphorus are 
very poisonous. In the vapour form below 1000°C, the phosphorus. 
molecule consists of four atoms. At 1600°C the vapour is dissociated. 
slightly forming a few per cent of the diatomic molecule. 

P,=2P3 


Chemical properties: Because of its reactivity, white phos- 
phorus enters into wide variety of reactions with metals, non-- 
metals and compounds. 


\ 
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' (i) Reaction with non-metals, (a) When white phosphorus is 
-exposed to air, it undergoes spontaneous oxidation forming white 
fumes of phosphorus trioxide. Some ozone is formed simultaneously 
and phosphorus glows with ghostly green light. The light evolved 
is believed to be due to the conversion of some of the energy of the 
chemical reaction directly into light, Such a production of light by 
-chemical reaction is known as chemiluminescence. 
It catches fire in moist air at 30°C and burns with a white flame 
forming white fumes of phosphorus pentoxide : 
P, +50, 22P,0, 
(b) Phosphorus reacts vigorously with halogens forming first the 
trihalide and with excess of halogen, the pentahalide. It burns 
“spontaneously in chlorine or in contact with solid iodine. It explodes 
violently in contact with bromine. 
P,+6Cl,=4PCl, ; P,+10Cl, =4PCl, ; P, +61, =4PI, 
P,+6Br, =4PBr, ; P,--10Br, =4PBr, 


(c) When heated with sulphur, white phosphorus reacts 

_- explosively, By using the proper quantities of the two elements, 

sulphides such as P,S,, P,S,, P,S; and P,S,o, or P, S, can be 

^ aen Phosphorus does not react directly with hydrogen but 
drides of phosphorus can be prepared indirectly. 


^ (ii) Reaction with metals. Phosphorus unites directly with 
many metals to form metallic phosphides. For example, if sodium 
is cautiously heated with white phosphorus, sodium reacts with 
phosphorus with a bright flash forming sodium phosphide, Na, P 
(iii) Reaction with compounds, (a) White phosphorus reacts 
‘with alkali forming phosphine and hypophosphite, 
P,+3Na0OH+3H,O=PH, +3NaH,PO, T 
(b) White phosphrus is an active reducing agent. It is oxidised 
by nitric acid to phosphoric acid. 
y P,+10HNO, --H,O- 4H PO, --5NO4-5NO, 
s (c) White phosphorus reacts with copper sulphate solution 
yielding metallic copper and black copper phosphide : 
3P 4-3CuSO, +6H,O=Cu,P+2H,PO,+3H,SO, 
2P 4-5CuSO, --8H,O 2 5Cu4- 5H, SO, --2H,PO, 
Silver nitrate also reacts with phosphorus forming silver 
1phosphide Ag,P. 
If phosphorus is accidentally dropped on the hand, it may be 
- removed by washing with copper sulphate solution. 5 
(ii) Red phosphorus. Conversion of white phosphorus to red. 
phosphorus, White phosphorus is metastable at ordinary- tempera- 
f * 
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ture and gradually changes into the red form, The transformation is- 
accompanied by the evolution of heat, 


P (white) s P (red)--4 kcal. 
Hence, the red phosphorus is more stable than the white phos- 


Red phosphorus is obtained by heating white phosphorus to: 
about 250'C in the absence of air ; the transformation is catalysed by 
a trace of iodine, On the industrial scale, white phosphorus and a 
little iodine are taken in an iron pot closed with a cover through 
which passes an upright iron pipe. The iron pipe is open at each 
end to prevent the development of pressure inside the pot. The pot 
is heated carefully to 240°C, A very small part of phosphorus 
burns, removing oxygen from the air initially present in the pot, after 
which no oxygen enters into pot by the long pipe and hence further» 
oxidation ceases, Under these conditions molten white phosphorus. 
changes rapidly into solid red phosphorus, When the conversion 
is complete, the uct is ground with water and boiled with 
a solution of caustic soda to remove any oxide formed as well as. 
any unconverted white phosphorus, The red phosphorus is then. 
repeatedly washed with hot water and dried with steam. & 


Conversion of red phosphorus to 9» ume a 
white phosphorus, A quantity of red Y " 
phosphorus is taken in a hard glass 
tube fitted with two rubber stoppers 
through which pass two smaller tubes. 
A stream of carbon dioxide or 
nitrogen is passed through the tube 
when air is displaced from the tube. 
Red phosphorus is then heated ina Fig. 8.2 

slow current of carbon dioxide or 

nitrogen (to prevent oxidation of phosphorus) when red phos. 
phorus vaporises and the yapours are condensed on the cooler part _ 
of the tube as crystals of white phosphorus. 


Properties of red phosphorus. Red phosphorus is the stable 
form of phosphorus at ordinary temperatures. It is reddish violet 
crystalline solid which sublimes on heating (sublimation temperature, 
416°C). The vapour condenses into white phosphorus, It is insoluble 
in carbon disulphide and is not poisonous, 


Chemically, red phosphorus is less active than white phosphorus, 
When heated in air to about 260°C, red phosphorus ignites forming 
phosphorus pentoxide. It reacts with halogens and sulphur but less 
vigorously than White phosphorus. Thus, red phosphorus burns if 
heated in an atmosphere of chlorine whercas white phosphorus takes. 
fire spontancously in the gas. It does not react with alkalis. d 
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The principal differences between red and white phosphorus are 
‘summarised in table 8.1. 


Table 8.1. Comparison of white and red phosphorus. 


(1) 
(2) 
(3) 


(4) 
9) 


(9 
(1) 
o8 

‘a (9) 
“40 
411) 
412) 
(13) 
(14) 


(15) 
(16) 


(iii) Black phosphorus. 


Property White phosphorus 


Red phosphorus 


Colour Almost colourless 

Odour Garlic smell 

Physical Crystalline solid 

state at S.T.P. 

Specific gravity | 1°82 

Stability Metastable at 
ordinary temperature, 

Melting point. 441°C 

Boiling point 280:5'C 

Solubility in Almost insoluble 

water. 

Solubility in Soluble 

carbon disulphide 

Electrical Very feeble 

conductivity conductor 

Physiological Very poisonous 

action 

Chemical Very reactive 

activity 

Tgnition 30'C 

temperature in air| 

Action of air It undergoes spon- 
taneous oxidation 
with green glow or 
chemiluminescence 

Action of Catches fire spon- 

chlorine taneously 

Action of hot | Reacts giving off 


sodium hydroxide} phosphine 


Reddish violet 
Odourless 
Crystalline solid 


2:2 
Stable 


597°C 

Very high 
Insoluble 
Insoluble 

Feeble conductor 
Non-poisonous 
Less reactive 
260°C 


It does not glow, 
i e, no chemi- 
luminesence 


Catches fire if 
heated 


No reaction 


Metallic or black phosphorus is 


obtained by heating white phosphorus at 220°C under high pressure, 


about 12,000 atmospheres. 


In outward appearance, it resembles 


graphite. It is greasy to touch and isa fairly good conductor of 
lectricity. Its specific gravity is 2'7 and is much heavier than 


, 
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other modifications of phosphorus. It is chemically slightly less 
reactive than red phosphorus and ignites in air at 490°C. 

(iy) Scarlet phosphorus. When a solution of red phosphorus 
in phosphorus tribromide is exposed to light or boiled for some time, 
scarlet phosphorus separates out as a scarlet red powder, 

(v) Violet phosphorus. Red phosphorus dissolves in molten 
lead. If the solution is allowed to solidify and if lead is dissolved, 
crystals of violet phosphorus remain. Violet phosphorus has 
chemical properties similar to those of red phosphorus, Red and 
violet phosphorus are believed to be chemically identical but differ, 
only in crystal size. 

Uses of phosphorus, (i) The important use of phosphorus is 
in the manufacture of phosphate salts to be used as fertilisers, 

(ii) The chief field of application of phosphorus is the manufac- 
ture of matches. White phosphorus is not used for this purpose 
because of the poisonous nature of phosphorus vapour. Ordinary 
matches are now made by dipping the ends of the match sticks into 
paraffin and then into a wet mixture of phosphorus sulphide (P48,), 
potassium chlorate or lead dioxide and glue, Friction produces 
sufficient heat to ignite P,S, which in turn ignites the head of the 


stick and then the wood. In the safety matches, the head of the » - 


stick contains a mixture of potassium chlorate and antimony sul- 
phide and the side of the match box is coated with a mixture of 
red phosphorus, powdered glass and glue. Heat which is produced 
in the friction vaporises a trace of red phosphorus which ignites and 
sets fire to the head of the match stick. 

(iii) Phosphorus is employed in the ‘manufacture of phosphor- 
bronzes and rat poison. 

(iv) It is also used for -military purposes. White phosphorus is 
used to fill smoke screen shells and hand grenades, 


Hydrides,of Phosphorus 


Phosphorus forms three compounds with hydrogen, viz., gaseous 
hydrogen phosphide PH, called phosphine; liquid hydrogen 
phosphide, P»H,, and solid hydrogen phosphide, P, Hg. 

Phosphine, PH ,. 
Phosphine was first obtained by Gengembre in 1783 by boiling white 
phosphorus with sodium hydroxide solution, 

Preparation, Phosphine cannot be prepared by the direct union 
of phosphorus and hydrogen, It can be prepared by the following 
methods : 

(i From white phosphorus and KOH or NaOH, Laboratory 


preparation, Phosphine can be prepared by boiling white phosphorus 
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with concentrated solution of sodium hydroxide. Sodium hypophos- 
phite is formed at the same time. 
P,+3Na0H+ 3H,0 —3NaH;PO,-FPH; 

Phosphine formed in this way is not pure but it contains hydrogen 
and the vapours of liquid hydrogen phosphide, P,H, which are 
generated by the reactions : 

2P --2NaOH 4-2H,0 — 2NaH PO; +H. 
6P-++-4Na0H+4H,0=4NaH.PO,+P.H, 


A mixture of 30—40 per cent solution of sodium hydroxide and 
few pieces of white’ phosphorus are taken in a flask fitted with a 
delivery tube and an inlet 
tube dipping in the solution. 
The free end of the delivery 
tube is dipped into water con- 
tained in a trough. A current 
of hydrogen or coal gas is 
first led through the apparatus 
by the inlet tube to drive out 
the air inside the flask. Air 
is removed in order to avoid 
explosion which would occur 
by the spontaneous ignition of 
a mixture of phosphine and 
air. The mixture in the flask is 
then slowly heated and phos- 
phine evolved passes through 
the delivery tube. As each drop of the gas rises up out of the water, 
it catches fire spontaneously producing rings of white smokes of 
phosphorus pentoxide. Pure phosphine is not spontaneously 
inflammable in air; the spontaneous inflammability of the gas thus 
prepared is due to the presence of P,H,. P H, is removed from 
the gas by passing it through a tube immersed in a freezing mixture 
when P,H, condenses and phosphine passes out and is collected by 
the displacement of water. Phosphine thus collected no longer 
inflames in contact with air. 


(i) From phosphides of active metals, Phosphine may be formed 
by the action of acidified water on a metallic phosphide 
Ca,P, - 6HCI — 3CaCl, --2PH ; 


Phosphine thus formed contains P,H, and is spontaneously 
inflammable in air. 
Phosphine is also formed by the action of dilute sulphuric acid on 
aluminium phosphide. 
2AIP + 3H,SO, — Al, (80,); -2PH ; 


White P-- NaOH 


Fig. 8.3 
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(iii) From phosphonium iodide. Pure phosphine is prepared by 
warming phosphonium iodide with potassium hydroxide solution. 
PH,I+KOH=KI+H,0+PH, 
Phosphine evolved is dried and collected over mercury. 


Properties, (A) Physical properties. Phosphine isa colourless 
gas. It has an odour of rotten fish and is poisonous. Its melting 
point is — 132°C and boiling point is —86°C. It is slightly soluble 
in water and the sohftion is neutral to litmus. 

(B) Chemical properties : (i) Stability to heat. Phosphine 
is decomposed completely into hydrogen and red phosphorus either 
by heating to 440°C or sparking. 

(ii) It burns in air forming phosphorus pentoxide and water. 

2PH; +40, =P,0,+3H,O 

If a mixture of pure phosphine and oxygen or air is rarefied, a 
violent explosion occurs. 

(iii) Phosphine reacts with all the halogens liberating a great 
amount of heat. 

PH, +4Cl, ^ 3HCI 4- PCI, 

A mixture of phosphine with nitrous oxide, when sparked, 

explodes, 
2PH,+8N,0=P,0,+3H,O+8N, 

(iv) Phosphine is slightly basic and reacts with hydrogen 
halides forming phosphonium halide. Thus, it reacts with hydro- 
chloric acid forming phosphonium chloride. 

PH,+HCI=PH,Cl 

Similarly, with hydriodic acid and hydrobromic acid, the 
reactions are : 

PH,+HI=PH,I; PH,+HBr=PH,Br 

(v) Because of the decomposition of phosphine into phosphorus. 
and hydrogen when heated, phosphine acts as a very powerful 
reducing agent. Thus, it precipitates silver and gold from solutions 
of their salts. 

PH, +6AgNO,=Ag,P, 3AgNO; +3HNO, 
Ag;P, 3AgNO; +3H,O=6Ag+3HNO, +H,P0, 

Similarly, when passed into the solutions of copper sulphate, 

mercuric chloride, etc., phosphine precipitates the phosphides of 


the metals. 


3CuSO, + 2PH; =3H3S0,+Cu,P, 
3HgCl, +2PH, =6HCl+Hg,P, 
I. Ch.—11 
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(vi) Like ammonia it combines with some chlorides such as 
aluminium chloride, stannic chloride and cuprous chloride. 


AICI, +PH,=AICl.,, PH; 
CuCl+PH,=CuCl, PH; 
Absorbents. The gas is absorbed by (i) bleaching powder 


solution and (ii) 


silver sulphate solution. 


Tests, The gas is detected by the following tests : 
(i) its smell of decaying fish (ii) a black precipitate of copper 
phosphide is obtained when the gas is passed through copper 


sulphate solution. 


(ii) a black precipitate is obtained when the 


gas is passed through silver nitrate solution. 


Comparison of phosphine and ammonia, 


Nitrogen and phos- 


phorus are placed in the same group in the periodic table. Phos- 
phorus forms the hydride, phosphine, whose formula is analogous to 
that of ammonia. The principal similarities and differences between 
ammonia and phosphine are given below. 


T A E O 


Ammonia, NH; 


(1) A colourless 
lighter than air. 


(2) It possesses a pungent 
smell. 


(3) It is non-poisonous. 


(4) Highly soluble in 
water ; the solution is basic in 
character. 


(5) It is not supporter of 
combustion ; it burns in excess 
of air or oxygen forming nitro- 
gen: 

4NH; +30,=2N,+6H,O 


(6) It reacts with excess of 
chlorine to form nitrogen tri- 
chloride and hydrogen chlo- 
ride. 

NH, -3Cl, - NCI, +3HCl 


When ammonia is in excess 
nitrogen is formed. 
8NH, +3Cl, 2 N,--6NH,CI 


gas 


Oo A A scs RUMMMSESE RETE E EE 


Phosphine, PH, 


Unie Re E E N 
A colourless gas heavier than 


air. 


It possesses the smell of rotten 
fish. 


It is highly poisonous. 


Sparingly soluble in water; 
the solution is neutral in 
character. 


It is not supporter of com- 
bustion. It burns in air form- 
ing phosphorus pentoxide : 


2PH,+40,=P,0,+3H,0 


It spontaneously inflames and 
burns in chlorine gas, forming 
phosphorus pentachloride. 


PH, -+4Cl, =PCl, +3HCl 


SE 


Ammonia, NH, 
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Phosphine, PH, 


(7) It reacts with acids 
forming ammonium salts : 

NH,;+HX=NH,X 

( where X=Cl, Br, I ) 

(8) It is a reducing agent 
only at high temperatures ; it 
reduces cupric oxide or lead 
monoxide to metals at high 
i temperatures. 
| 3Cu0+2NH, =3Cu+3H,O 

+N. 

(9) When the gas is passed 

in the solutions of the salts of 

metals, metallic hydroxides 
are usually precipitated. 


i (10) The gas dissociates 

il into its elements at very high 
temperatures or by electric 
sparks. 

(11) It can be prepared by 
heating the ammonium salts of 
halogen acids with sodium 
hydroxide. 
NH,Cl+ NaOH =NH, + 

NaCl+H,O 

(12) Hydrolysis of nitrides 


of active metals yields 
ammonia. 

| Mg,N,+6H,O=2NH,+ 

| 3Mg(OH), 


| Phosphonium compounds. 


phosphonium ion : 
H 


HOPS + Ht 
0x 


It reacts with halogen acids 
giving phosphonium salts. 
PH,+HX=PH,X 
( where X=Cl, Br, I) 
It is a strong reducing agent ; 
it precipitates silver and gold 
from solutions of their salts, 
PH,+6AgNO, = 
Ag;P, 3AgNO,+3HNO, 
Ag,P, 3AgNO,+3H,O= 
6Ag+3HNO,+H,PO, 
The gas when passed into a 
solution of copper sulphate, 


mercuric chloride, etc., 
metalic ^ phosphides ^ are 
precipitated. 


The gas decomposes into its 
elements at 440°C or by 
electric sparks, 


It can be prepared by heating 


the ammonium salts of 

halogen acids : 

PH,I4-NaOH =Nal+H,O 
TPH, 


Hydrolysis of phosphides of 

active metals yields phosphine, 

Ca,P.-+6H,O 2 3Ca(OH); 
+2PH, 


_ Inthe molecule of phosphine, two 
| electrons of phosphorus remain unshared. These electrons may be 
| used to form coordinate covalent union with hydrogen ions forming 


H 
=| HPRH 

ox 

H 


+ 
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This is analogous to the formation of ammonium ion. Thus, 
with hydriodic acid, phosphine forms phosphonium iodide : 


H H 
x0, ie xO NEC 
HOPS + H:I-H?POH IE 
0x org Ox 
H 
( phosphonium iodide ) 
In these reactions, phosphine acts as a weak base and the 
products are known as phosphonium compounds. 


When dry phosphine is brought into contact with dry halogen 
hydracids at high pressures, the gases unite forming phosphonium 
salts : 


PH;--HX-PH,X ( where X=Cl, Br, I) 


Phoshonium chloride is obtained as white crystals by cooling a 
mixture of phosphine and dry hydrogen chloride to —35'Cor by 
compressing the mixture at 15'C : 

PH, +HCl=PH,Cl 


Phosphonium bromide is more stable and is obtained as crystals 
by passing a mixture of phosphine and hydrogen bromide into a 
cooled flask. 

Phosphonium iodide is fairly stable and may be obtained by 
mixing phosphine and hydrogen iodide at ordinary temperature and 
pressure. It is best prepared by dissolving phosphorus and iodine 
în carbon disulphide in a glass retort and then distilling off the 
carbon disulphide. The residue is then treated drop by drop by the 
exact quantity of water indicated by the equation given below. 
Phosphonium iodide sublimes and is deposited as white crystals in a 
long air-cooled tube attached to the neck of the retort. 


9P--51--16H,0 —5PH,I--4H;PO, 


Phosphonium salts undergo thermal dissociation into phosphine 
and the hydracid. 


PH,I=PH,+HI 


The dissociation of phosphonium iodide takes place at 60°C 1 
other salts dissociate at still lower temperature. These salts are easily 
decomposed into phosphine and hydracids by the action of water. 
This suggests that phosphine does not react with water to form 
phosphonium hydroxide; with potassium or sodium hydroxide, 
phosphonium salts form pure phosphine. 


PH,I4+KOH=PH,+KI+H30 


Phosphonium iodide is used as a reducing agent and in the pre- 
paration of organic phosphines, 
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Explanation of basic properties of ammonia and phosphine. In 
the molecule of ammonia, the nitrogen atom contains a lone pair 
of electron. Similarly, in the molecule of phosphine, the phos- 
phorus atom contains a lone pair of electron. 


H H 
| | 
Hoh : P—H 
| 
H H 


Therefore, the basic properties of ammonia and phosphine arise as 
a result of the tendency of nitrogen and phosphorus atom to share 
their lone pair of electrons. These electrons are used to form 
co-ordinate covalent union with hydrogen ions. Consequently, they 
act as bases, 


Nitrogen is highly electronegative and the electronegativity of 
nitrogen is much greater than that of phosphorus. Hence, the 
electrons of the H—N bonds are strongly shifted from the hydrogen 
to the nitrogen and consequently, electron-density on nitrogen atom 
becomes high. On the other hand, because of low electro- 
negativity of phosphorus (electronegativity of phosphorus and 
hydrogen is almost the same ), the electron-density on phosphorus 
atom in phosphine molecule is much less than that on nitrogen atom 
in ammonia molecule. Consequently, nitrogen atom in ammonia 
has a greater tendency to share its lone pair of electrons than 
phosphorus atom in phosphine. Hence, ammonia is more basic 
than phosphine. 


Explanation of some properties of ammonia and phosphine from 
electronic point of view. (a) Although ammonia is a covalent 
compound, it is highly soluble in water. On the other hand, 
phosphine is sparingly soluble in water. The high solubility of 
ammonia in water {s due to the fact that ammonia forms hydrogen 
bonds with water. Nitrogen is highly electronegative and conse- 
quently the electrons of the H—N bond are strongly shifted from 
hydrogen to the nitrogen in ammonia molecule. For this reason, 
the hydrogen atoms in ammonia must be relatively positive. It is 
this partial positive charge which enables hydrogen to attract 
highly electronegative oxygen atoms of water to form hydrogen 
bond. 


Because of low electronegativity of phosphorus atom, phosphine 
is unable to form hydrogen bond with water. This explains its 
insolubility in water. 


(b) Because of high electronegativity of nitrogen, the electrons 
of the H—N bonds in ammonia molecule are strongly shifted from 
the hydrogen to the nitrogen, and consequently, the hydrogen atoms 
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become relatively positive, Hence, ammonia molecules can 
through the formation of hydrogen bonds. 
H H H H 
| | | | 
H—N:.«H—N:«H —N--H—N 
| | l | 
H H H H 
Due to the low electronegativity of phosphorus the phospht 
molecule is incapable of associating through the formation 9 
hydrogen bonds. 7 


Oxides of phosphorus 


_ Phosphorus forms three oxides which are listed in table 8.2, € 
these phosphorus tetroxide is not included in the syllabus and hene 
it is not discussed here. 


Table 8.2 


Oxidation number 
of phosphorus 


Name Formula 


Phosphorous oxide or phos. | P,O, or POs 
phorus trioxide. 


Phosphorus tetroxide 
Phosphorus pentoxide 


P, O, 
PO, or P0, 


Phosphorous oxide or phosphorus trioxide, P,O, or P,O. 
Preparation. Phosphorus trioxide, P,O,, is prepared by the -slon 
oxidation of phosphorus or by burning phosphorus in a limit 
supply of air. 

P, +30, =2P,0, 
A small amount of phosphorus pentoxide is also formed simult 
neously. 
Some white 


connected with the meta) 
condenser (B) which 
surrounded — by 
at 60°C. The cond 


Fig. 84 immersed in a 


mixture ; a plug of glass-wool is placed in the condenser 
the Utube. The U-tube is connected through wash-bottle 


“eee wht i 
lites ui | i EE 
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It reacts with cold water with a hissing sound and evolution of 
much heat, forming metaphosphoric acid. 
P50, --H,0 22HPO, 
It reacts with hot water forming phosphoric acid. 
P4,0;--3H,0 —2H;PO,. ! 
The phosphorus pentoxide has such. a strong affinity for water 
that its principal use is as a drying agent or a dehydrating agent. 
In the laboratory, it is used as a drying agent in the desiccators and 
also used for drying gases and liquids with which it does not react. 
It can abstract the elements of water from Many inorganic and 
organic compounds, Thus, it converts nitric acid into nitrogen 
pentoxide, sulphuric acid into sulphur trioxide. 
2HNO,+P,0,;=2HPO,+N,0, 
H,80,+P,0,=2HPO,+SO, 


Oxy-acids of phosphorus 


The principal oxyacids of phosphorus are listed in table 8.3. 


Table 8.3 
Name Formula Oxidation number Anhydride 
(754-0. OM AYE N A 
Hypophosphorous acid H,PO, +1 
Phosphorous acid H,PO, Y +3 P,O, 
Hypophosphoric acid H,P,0, +4 
Orthophosphoric acid H,PO, +5 P,0, 
Pyrophosphoric acid H,P,0, +5 P,O, 
Metaphosphoric acid HPO, +5 


The acids which are included in the syllabus are discussed here. 


Phosphorous acid, H, PO, 


. .. Preparation. This acid is formed when phosphorus trioxide is 

© dissolved in cold water. 
P,0,+3H,0=2H,PO, 

` The acid is best prepared by the action of water on phosphorus 


trichloride. 
PCI, 4-3H,0 — H;PO, 4-3HCI 


The solution is concentrated by evaporation until the tempera- 


Ul LI + 
+ 
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yap * 


ture rises to 180°C when hydrogen chloride is driven off. The 
concentrated solution on cooling yields crystals of phosphorous 
acid. 

Properties. Phosphorous acid forms colourless deliquescent 
crystalline solids which melts at 73°6°C, When heated, it decom- 
poses into phosphine and orthophosphoric acid. 

4H,PO, =3H,PO,+PH, 

Though there are three hydrogen atoms in its molecule, H,PO, 
is only dibasic acid of medium strength. Hence, it forms two series 
of salts (phosphites) : Na,HPO, is normal sodium phosphite and 
NaH,PO, is sodium hydrogen phosphite. Most of the metallic 
phosphites except those of Na, K and Ca are sparingly soluble in 
water. 

On standing, the aqueous solution of phosphorous acid is 
gradually oxidised by atmospheric oxygen to phosphoric acid. 

2H,PO,+0, =2H,PO, 

Phosphorous acid isa powerful reducing agent ; it precipitates 
gold and silver from their salt solutions, 

2AuCl, -+3H,PO, +3H,0=3H,PO,+6HCl+2Au 
2AgNO,+H,PO,+H,O0=H,PO,+2HNO,+2Ag 

It reduces salts of copper to metallic copper. 

CuSO, +H,PO,+H,O=H,PO,+H,SO,+Cu 

Mercuric chloride is reduced to mercurous chloride. 

2HgCl, +H,PO, +H,O=H,PO, --2HCI J- Hg Cl, 

Phosphorous acid precipitates sulphur from a solution of 
sulphurous acid. 

H,SO,+2H,PO, =2H,PO,+H,O+S 

Or, SO,+H,O+2H,PO, =2H,PO,+H,O+S 

Structure. Phosphorous acid is best represented by the following 
structure, 

OH 


| 
HO—P->O 

| 

H 
This structure explains its dibasic character and its reducing 
properties, Its reducing properties are due to the hydrogen atom 
directly linked to phosphorus atom. Only the two hydrogen atoms 
which are linked to oxygen atom ionise to give hydrogen ions. 
The hydrogen atom which is linked to phosphorus atom cannot 
ionise to give hydrogen ion, For this reason, each molecule of 

T 
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phosphorous acid when dissolved in water give two hydrogen ions. 
Hence, it acts as a dibasic acid. 


The Phosphoric Acids 


Three well-defined phosphoric acids are known. Depending 
upon temperatures, phosphorus pentoxide unites with different 
quantities of water to form meta-, pyro- and ortho-phosphoric 
acids. 

P,0,--H,O-2HPO, ( metaphosphoric acid ) 
P,0,--2H,0 - H,P,0; ( pyrophosphoric acid ) 
P,0,--3H,0-2H;PO, ( orthophosphoric acid ) 

Phosphorus exists in the same oxidation state ( +5 ) in all these 
acids. The relation between these phosphoric acids is merely the 
degree of hydration ; the most hydrated acid is called the ortho-acid 
and the least hydrated acid, the meta-acid. 


Orthophosphoric Acid, H,PO, 


The most important of the acids of phosphorus is orthophosphoric 
acid, H,PO, commonly referred to simply as “phosphoric acid". 

Preparation. It is formed when phosphorus pentoxide is 
dissolved in water and the solution boiled. In the laboratory, 
orthophosphoric acid is prepared by heating red phosphorus with 
concentrated nitric acid. 

P, +10HNO, +H,O=4H ,PO,+5NO+5NO, 

Red phosphorus is added cautiously to nitric acid (56 c.c. 
conc. HNO,+91 c.c. water), in a litre-flask fitted with a reflux 
condenser. A trace of iodine which catalyses the reaction is also 
added to the mixture. The mixture is then heated on a water-bath 
until the action ceases. The resulting solution is then diluted with its 
own volume of water, filtered and evaporated carefully on a 
porcelain dish until no more fumes of oxides of nitrogen are given 
off, the temperature being kept below 180°C since at higher 
temperatures pyrophosphoric acid is formed. It is then cooled in 
a vacuum desiccator over fresh concentrated sulphuric acid placing 
the desiccator in a freezing mixture. Colourless deliquescent crystals 

-of orthophosphoric acid are slowly deposited. 


Commercial preparation. Commercially, orthophosphoric acid 
is prepared by digesting bone-ash or ground phosphate rock with 
dilute ( 60% ) sulphuric acid for several hours. Bone-ash or phos- 
phate rock [ Ca,(PO,), ] is decomposed by sulphuric acid into 

* calcium sulphate and orthophosphoric acid. 
Ca;(PO,), --3H, 80, =3CaSO, --2H;PO, 


* 


» 
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The insoluble calcium sulphate is separated by filtration and’ . 


the filtrate containing orthophosphoric acid is evaporated to a 
syrupy liquid. 

Properties. Orthophosphoric acid is a colourless crystalline 
solid which melts at 40°C. It is very soluble in water, When the 
acid is heated, it decomposes, pyrophosphoric acid being formed 
at 250°C. 

2H,P0,=H,P,0,+H,O 
On further heating metaphosphoric acid is formed. 
H,P,0; 22HPO; --H,O 

Phosphoric acid is a moderately strong acid. It is triprotic and: 
ionises in three stages. 

H,PO,=H*+H,P0,"* 
H,PO,-!=H*+HPO,-? 
HPO,-2=H*+PO0,-* 


Corresponding to three stages of ionisation, H,PO, forms three» 
series of salts which are known as phosphates. Examples are + 


NaH,PO,, sodium dihydrogen phosphate ; Na,HPO,, disodium, — 


hydrogen phosphate and Na,PO,, trisodium phosphate. 
Structure : Orthophosphoric acid is represented by the 


following structure, 
o 


T 
HO—P—OH 
| 
OH 
This structure explains its tri-basic character. 
The Phosphate. The salts of orthophosphoric acid are known 
as phosphates. Three series of salts are formed by orthophosphoric: 
acid, viz., primary, e.g. sodium dihydrogen phosphate, NaH,PO,, 


secondary, e.g., disodium hydrogen phosphate, Na,HPO, and” 


tertiary, e.g., trisodium hydrogen phosphate, Na,PO,. 

An aqueous solution of primary phosphate, e.g., NaH,PO, is 

slightly acidic because it dissociates giving H* ion. 
NaH,PO,=Na*+H,PO; ; HPO, -:H*--HPO,^? 

The secondary phosphates are faintly alkaline and tertiary 
phosphates are strongly alkaline because they undergo hydrolysis. 
in water. 

" Na,HPO, +H,O=NaH.PO,+Na0H 
Na;PO, J- H,Oz:Na,HPO, 4- NaOH 

All the primary phosphates are soluble in water; of the 
secondary and tertiary phosphates only those of sodium, potassium 
and ammonium are soluble. ` 


* 
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The primary salt, NaH,PO, and the secondary salt Na, HPO, 
are decomposed by heat giving NaPO, and Na,P,0; respectively ; 
the tertiary salt, Na,PO, is unaffected by heat. 


Preparation of sodium phosphates. Disodium hydrogen phos- 
phate, Na,HPO,, 12H,O is prepared by adding sodium 
hydroxide solution to phosphoric acid to whicha few drops of 
phenolphthalein solution have been added. The addition of NaOH 
iscontinued tillthe solution turns pink ; phenolphthalein changes 
colour at the stage Na,HPO,. The solution is then evaporated to 
crystallisation. 


The primary phosphate NaH,PO,, HO is prepared by adding 
phosphoric acid to a solution of disodium salt until a precipitate is 
no longer formed when a drop of the solution is added to barium 
chloride solution, On evaporating the resulting solution white 

— crystals of NaH,PO,, H,O separate out. 


E. The tertiary phosphate Na,PO, is prepared by dissolving the 
‘disodium salt in excess of caustic soda solution in water. The 


. resulting solution on. crystallisation yields white crystals of tertiary 
- phosphate, Na,PO,, 2H,O. 


The microcosmic salt NaNH,HPO,, 4H,O is prepared by 
dissolving equimolecular amounts of ammonium chloride and 
disodium hydrogen phosphate in a little hot water. The precipitated 

_- sodium chloride is filtered off ; the filtrate on crystallisation yields 
crystals of microcosmic salt. It is used in qualitative analysis for 
“bead” tests. 


Phosphate salts are used mainly as fertilisers : NaH;PO, is 
"used asa component of “baking powder", Na,PO, is used asa 
detergent and is used for softening hard water. 


-, Phosphate fertilisers. The salts of phosphoric acid are of great 
importance in agriculture. Phosphorus is essential for plant life. 
Phosphorus can only be assimilated by plants when it is in the soil 
in a soluble form. The consumption of phosphorus by plants 
gradually depletes the soil and it is necessary to introduce various 
phosphate fertilisers into the soil in order to increase the crops. 

Natural phosphate rocks, phosphorites and apatites contain 
phosphorus in the form of insoluble tertiary calcium phosphate 

Ca, (PO,), which is difficult for plants to assimilate. A more soluble 
and suitable phosphate which is readily assimilated by plants is 
calcium dihydrogen phosphate, Ca(HPO,)o. Hence, the phosphate 
rocks are treated chemically in order to convert tertiary calcium 
phosphate, Ca,(PO,), into calcium dihydrogen phosphate 
Ca(H,PO,),. Two most important phosphate fertilisers prepared 
from phosphate rocks are superphosphate and precipitate. 
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Superphosphate of lime. Superphosphate of lime is prepared 
by mixing finely powdered phosphate rock with enough sulphuric 
acid (70%) to total two molecules of H,SO, for every molecule 
of Ca, (PO,),. 

Ca, (PO,), -- 2H,SO, --4H,0 — Ca(H5PO,); -2CaSO,, 2H,O 

The reaction is accompanied by the liberation of considerable 
amount of heat and the gases such as CO,, SiF,, HF and HCL 
which are evolved are expelled. The product is a mixture of 
primary phosphate Ca(H,PO,), and gypsum, CaSO,, 2H,O which 
‘are comparatively soluble in water. This mixture is called the 
superphosphate of lime. 


Superphosphate of lime is manufactured by mixing finely ground 
natural phosphate rock with 70% sulphuric acid from lead chamber 
process in a horizontal cast-iron cylinder (mixer) fitted with revolving — 
blades inside. The mixture passes out of the mixer in a nearly fluid 
state and collects in pits or dens. When the dens are half-filled, 
they are closed. In these pits, the reaction between sulphuric acid 
and tricalcium phosphate is completed. The temperature rises 
considerably and much gas is evolved consisting of CO., SiF,, 
HF and HCl. The gases escape through an outlet to the absorption 
towers. After two or three days superphosphate formed is 
discharged from the pit and powdered in a crusher. They are then 
carefully dried in long brick-work chambers by hot air, " 

Sometimes, a superphosphate fertiliser containing a greater per- 
centage of phosphorus is prepared from natural phosphate rock 
by first separating orthophosphoric acid by the reaction. 

Ca,(PO,).+3H,SO, =3CaSO,+2H,PO, 

The precipitates of calcium sulphate are removed ; the phos- 
phoric acid obtained is then treated with fresh batch of phosphate. 
rock. i 

Ca,(PO,)o+4H,PO, =3Ca(H,PO,). 

The product is richer in phosphorus than the superphosphate of 
lime ; it is called the “triple superphosphate”. 

Precipitate, . Precipitate, CAHPO ,, HO, is also a good fertiliser. 
Free phosphoric acid is first prepared by treating phosphate 
rock with. sulphuric acid. The acid is then separated from 
the precipitate of calcium sulphate. A suspension of lime in water 
(milk of lime ) is then added to phosphoric acid in sufficient 
quantity to form the secondary phosphate. 

H,PO,+Ca(OH), 2 CaHPO,, H.O+H,O 

CaHPO,, H,O called precipitate separates from the liquid in 

crystalline form. It is carefully dried so that no water Bind in 


crystal ( water of crystallisation ) is lost. It is easily assimilated by 
the plants. 
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Mixed fertilisers. The production of mixed fertilisers is acquir- 
ing ‘great importance. The most important of these are ammonium 
phosphates known as *ammophoses". ‘“Ammophos” is a mixture 
of NH,H,PO, and (NH,), HPO,which is prepared by the direct 
reaction between ammonia and phosphoric acid. 

* A mixture of ammophos and potassium nitrate isa very useful 
fertiliser because it contains all *fertilising" elements, P, N and K 
which are essential for the growth of plants. 

Tests of phosphates. Phosphates are detected by the following 
tests. 

, (i) Cobalt nitrate test. If a phosphate is heated in a charcoal 
‘groove with one or two drops of cobalt nitrate solution, a blue mass 
» is formed. 
4 (ii) On warming a nitric acid solution of orthophosphate with 
“an excess of ammonium molybdate, a canary-yellow precipitate of 
„ammonium phosphomolybdate is formed. Meta-phosphates, and 
` pyrophosphates also respond to this test because they are converted 
- into orthophosphates by heating with nitric acid. 
==> Arsenates give the yellow precipitates on boiling. 
Na HPO, + 12(NH,). MoO,-+23HNO, 
=(NH,)[PMo,.0,9]+2NaNO, +21NH,NO, +12H,O 


EXERCISES 


s 1. Describe the preparation of white phosphorus. How is it converted 
+ into red phosphorus ? [C$9,.57) 
What is superphosphate of lime ? 
2. Describe how phosphine is prepared? What are the precautions 
"which are usually taken during its preparation. LC. 0,57] 

3. Compare phosphine with ammonia. 

4. Describe the physical and chemical properties of phosphine and 
-compare these with those of ammonia. 

5. How does phosphorus occur in nature? Outline the process of 
manufacturing white phosphorus and red phosphorus from phosphate 
rock. What are bone-black and bone-ash ? State the uses of phosphorus. 

"6. Write an essay on phosphate fertilisers. What are mixed fertilisers ? 

7. Starting from white phosphorus, how would you prepare (a) phos- 
phorus pentoxide, (b) phosphine, (c) red phosphorus and (d) ortho- 
phosphoric acid ? 

u Describe methods of converting phosphate rock into phosphoric 
acids: one Š 

Explain why a solution of NaH,PO? gives a slightly acidic reaction 
and NasH PO, a slightly basic reaction. 


ES 
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9, State what happens when : 
(i) white phosphorus is boiled with caustic soda solution. ye 
(ii) red phosphorus is heated with conc. HNO. 
(ii) white phosphorus is added to copper sulphate solution. 
(iv) phosphoric acid is heated. 
(v) white phosphorus is kept in contact with iodine. 
(vi) a mixture of bone-ash, sand and coke is heated in an electric 


furnace. 
(vii) phosphine gas is passed into copper sulphate solution. [ H. S., '80] 
(viii) a mixture of conc, HNO, and P40,, is heated. én 


(ix) phosphine gas is passed into silver nitrate solution. 
(x) calcium phosphide is boiled with water. 
10. Why phosphorus does not occur free in nature ? Name the important 
allotropes of phosphorus. [H.8S., 79) 
11. How does phosphorus occur in nature? Describe the preparation x 
of white and red phosphorus from phosphate rocks. What are bone-ash ^ 
and bone-black ? Mention the uses of phosphorus. 


12. How would you convert phosphate rocks into phosphoric acid ? 


13, Explain the following/statements : b] 
(a) Phosphine is a stronger reducing agent than ammonia. M 
(b) Ammonia has basic properties. PR - 
(c) Ammonia is more basic than phosphine. f ud 


(d) Ammonia molecules‘ can associate while phosphine molecules 
cannot. 

(e) Phosphorous acid is-a‘dibasicjacid. 

(f) The aqueous solution of;Na; PO, isgbasic. 

(g) Phosphorous acid has reducing properties. 

(h) The boiling point of ammonia is higher than that of phosphine. 

14. How would you prepare z 

(a) phosphine from phosphorus and phosphorus from phosphine, 

(b) phosphorium iodide from phosphine and phosphine from phospho- | ` 
nium iodide. à 

15. How would you prove that white phosphorus and red phosphorus 
are allotropes of the same element ? 

16. Show that white phosphorus is more active than red phosphorus; ; 

. S. '80 


Why is white phosphorus stored in water ? [H.S.,°79 ] 


» 


CHAPTER IX 


SULPHUR AND ITS COMPOUNDS 


Atomic weight, 32:066 Atomic number, 16 
Electron configuration, 1s? 2s? 2p? 3s? 3p* 


Sulphur was one of the few elements which was known to the ancients. 
Itis mentioned in the Bible and in Homer. Alchemists regarded sulphur 
as the “principle of fire". In 1777, Lavoisier considered it to be an element. 
The name sulphur is derived from the Sanskrit "sulveri"'. 


Sulphur occurs in nature both in free state as native sulphur and in 
the combined state. Deposits of free sulphur are found in the volcanic 
regions of Italy, Sicily and Japan and in Louisiana and Texas, U.S.A. 
In combination, sulphur is more widely distributed as sulphides and 
sulphate. Among the sulphides are iron pyrites, FeS, ; galena, PbS ; 

- cinnabar, HgS ; and zinc blende ZnS. Among the sulphate minerals are 
epsom salts, MgSO,, 7H,O ; gypsum, CaSO,, 2H,O and barytes, BaSO,. 


Sulphur is an essential constituent in living matter. It occurs in animal 


and vegetable products such as proteins, eggs, many oils, onions, garlic, 


` mustard, hair, etc. The total sulphur content in the earth's crust is around 


0'10 per cent. 

The extraction of sulphur. (i) Sicilian method, The crude sulphur 
dug up in Sicily consists of rocks such as clay, gypsum, limestone, 
etc, mixed with about 20 per cent of free sulphur. Sulphur is 
separated from the rocks by heating the ore and allowing the 
molten sulphur to flow away from the rocks. Sulphur is melted 
by the heat evolved due to the combustion of the sulphur itself or 
of some other fuel. 

Fig. 9.1 is a diagram of a sulphur kiln which is a roofless 
chamber built of stone. Its floor slopes down towards the front 
! wall. The front wall is provided 
at its bottom with an outlet which 
is plugged up with a thin partition 
of plaster of paris. The kiln is 
filled with the lumps of ore, 
leaving air channels between the 
lumps and forming a cone at 
the top. The ore is kindled at the 
top with bunches of straw or 
brushwood and the heat evolved 

Fig. 9.1 due to the burning of part of 
sulphur serves to melt the rest. The molten sulphur seeps down and 
flows out of the kiln, 


The heat produced by burning sulphur can be utilised more 
fully by using the Gill’s kiln which consists of a number of commu- 
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nicating chambers, The hot gases produced by burning sulphur 
in one chamber pass into the adjoining chamber and melt the ' 
crude sulphur there. Consequently, sulphur is saved and heat is ' 
economised. 
The crude sulphur contains about 5% of the rocky impurity. 
It is purified by distillation. The distillation apparatus is shown 
infig.9.2. Crude sul- j 
phur is melted in an 
iron pot (A). The mol- 
ten sulphur then flows 
into the iron retort (B) 
where it is heated to 
boiling. The sulphur 
vapours then pass into 
a large TE E E 
chamber (C). At first z Ree 
when the chamber is * À aaan 
still cold, sulphur con- 
denses on the cold Fig. 9.2 
walls as a light yellow 
powder of flower of sulphur. After the chamber has been heated 
above 120°C, sulphur condenses into a liquid which is drawn off 
through the opening (D) and tapped off into wooden moulds where 
it solidifies into rods. Sulphur obtained in this way is known as 
roll sulphur or brimstone. 
(ii) The Frasch process. About 80% of the world’s sulphur 
are now obtained from the sulphur deposits in Louisiana and Texas. 
These deposits occur at depths of 
Hot water 1" Froth of liquid about 900 fect under strata of sand, 
i sulfarand ait clay and rock. Their extraction by 
ordinary mining is impossible owing to 
the quicksands and to the presence of 
poisonous gases, hydrogen sulphide 
and sulphur dioxide. In the Frasch 
process, a boring is made through the 
overlying materials until the beds of 
sulphur are reached and four con- 
Liquid centric pipes are sunk. Water super- 
heated under pressure to about 170°C 
is forced downward through the two 
fis Wi outer pipes. This melts the sulphur 
15: 7 which collects in a pool at the bottom 
ofthe well Hot compressed air is then forced to the bottom 
through the innermost pipe when froths of air, sulphur and water 
are formed. The froths are forced up to the surface through the 
remaining pipes. The mixture is run into wooden .vats. where the 
sulphur solidifies. Its purity is 99°5 per cent. 


I, Ch.—12 
E 
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(iii) Extraction of sulphur from alkali waste. Alkali waste of 
Leblanc carbonate process contains insoluble calcium sulphide, 
CaS. The waste is mixed with water in large iron vessels and 
limekiln gas (CO, and N) is passed through the mixture, when 
hydrogen sulphide is evolved. 

CaS+CO,+H,0=CaCO,+H.S 

Hydrogen sulphide is then mixed with air and passed over 

heated iron oxide. 

2H,S+0, =2H,0+28 
Sulphur obtained in this way is very pure. Since the Leblanc 
process is now obsolete, this process of extracting sulphur ís no 
longer carried out. 


(iv) From sulphide ores. The sulphide ores of copper, lead, 
nickel and zinc when roasted, yield sulphur dioxide which is absor- 
bed in a cold solution of sodium sulphite containing aluminium 
chloride. The solution on heating evolve sulphur dioxide which is 
then passed over white hot-coke when SO, is reduced to sulphur. 


Na SO, --SO, --H,O - 2NaHSO, 
S0,--C- CO; S 


(v) From coal Coal contains pyrites FeS,. During distilla- 
tion in the manufacture of coal gas, about half the sulphur comes 
off as hydrogen sulphide and carbon disulphide, Hydrogen sulphide 
is then passed into purifiers which contains hydrated ferric oxide. 
Ferric oxide reacts with H,S forming ferric sulphide, 

2Fe(OH), +3H.S=Fe,S,+6H,O 
Sulphur is separated out when the “spent oxide” is exposed to air. 
2Fe,S; +30,+6H,O0=4Fe(OH), +68 
h Usually the “spent oxide” is burnt in air to produce sulphur 
dioxide which is used in the manufacture of sulphuric acid. 

Allotropic forms of sulphur. Sulphur exists in several allotropic 
modifications. Two common crystalline allotropes of sulphur are 
(i) rhombic sulphur or «-sulphur and (ii) monoclinic sulphur or 
f-sulphur. Amorphous forms such as plastic sulphur or y-sulphur 
are also known. 

(i Rhombic or «sulphur. Sulphur is found in nature in the 
form of large yellow crystals which belong to rhombic system. It 
may be prepared in the laboratory by dissolving pure native sul- 
phur in carbon disulphide and evaporating the solution slowly when 
transparent yellow crystals of rhombic sulphur crystallise from the 
solution, It has a density of 2'07 gram|ml at 20°C. It melts at 
112:8'C and boils at 444*6'C. It is insoluble in water but soluble 
in carbon disulphide, carbon tetrachloride and similar other 
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Solvents, It is stable below 95:5*C under normal atmospheric 
pressure. Between 95:5°C and its melting point it undergoes slow 
transformation into the Monoclinic variety. 


(ii) _ Monoclinic sulphur or f-sulphur. This form is obtained 
by melting roll sulphur in a crucible and allowing it to cool slowly. 
When the liquid has partly solidified, two holes are made into the 
crusts on the surface and the portion still in the liquid form is 
poured off. The sides of the vessel will then be found to be covered 
on the inside with a mass of long, dark-yellow, needle shaped 
crystals of monoclinic sulphur. 


It has a density of 1:96 gram[ml. at 20°C. It melts at 118:9"C. 
It is soluble in carbon disulphide, Below 95:5°C, monoclinic sulphur 
changes back into the rhombic sulphur. The change of the rhombic 
sulphur to the monoclinic sulphur is endothermic. 


Srhombic * 70 cal = S monoclinic 


or, Sa +70 cal = Sp 
Above 955°C, the stable form is monoclinic sulphur and below 
95°5°C, the stable form is the rhombic sulphur. This temperature 
at which both forms are in equilibrium is called the transition 
temperature of sulphur. Both rhombic and monoclinic sulphur 
have the molecular formula, Sș. 


(iii) Plastic or y-sulphur. If molten sulphur heated to near its 
boiling point is poured in a thin stream into cold water, it turns 
into a very viscous, transparent elastic mass. The mass is so viscous 
that it can be drawn out into threads. This modification is called 
plastic or y-sulphur. It has density of 1:92 gram/ml. It is insoluble 
in carbon disulphide. On standing for few hours, it becomes first 
brittle, then acquires a yellow colour and undergoes gradual trans- 
formation into rhombic sulphur. 


Liquid sulphur. If sulphur is heated slowly, very interesting 
changes occur. At 112:8'C, it melts into a mobile, straw coloured 
liquid. The viscocity of this liquid is low. On further heating, it 
gradually darkens in colour and becomes more viscous and at about 
230°C it becomes so thick that the vessel can be turned upside down 
without pouring out the sulphur. The straw yellow mobile liquid 
is called )-sulphur (S3) and the dark brown viscous liquid is called 
the u-sulphur (Su). Above 230°C the viscocity of the liquid 
decreases and the mass becomes more and more mobile as the tem- 
perature rises and finally at 444-6°C, the liquid begins to boil giving 
off an orange-yellow vapour. When the liquid is allowed to cool 
slowly, the same phenomena are repeated in the reverse order. 

Just above the boiling point, sulphur vapour consists chiefly of 
S, molecules, 
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At higher tempera! it gradually ‘dissociates forming 8; and | 
S, molecules. At 2000°C, sulphur vapour consists of simple 
monatomic molecules. The series of changes that sulphur undergoes. 
with change in temperature may be represented as follows : 

95:5'C 119:3930 160°C — '4446'C 

S, (rhombic) = S, (monoclinic) = S = Se = 
T 1000'C 2000'C 


SIUE. LUNES i 

8$, + S, = 8 liquid . 
a quick . 
vapour | cooling f 


— Plastic sulphur 


Milk of sulphur, This is prepared by boiling powdered roll l 
sulphur with milk of lime. The solution is filtered and the reddish | 
yellow filtrate which contains calcium pentasulphide and calcium 
thiosulphate is acidified with dilute hydrochloric acid, when white 
amorphous precipitate of milk of sulphur is deposited, 

3Ca (OH), +12S=2CaS, -+ CaS 0, --3H,O0 
2Ca$, -- Ca$,0, +6HCl= 3CaCl, +3H,0+ 128 
Milk of sulphur ís soluble in cabon disulphide, It is used medi- 
cinally. 

Colloidal sulphur. It may be prepared by various methods. | 
When alcoholic solution of sulphur is poured into water colloidal 
sulphur is formed. It can also be prepared by acidifying sodium 
thiosulphate solution with sulphuric acid. 

Na,$,0,-- H,SO, =Na,SO,+H,0+S0,+8 
It is also formed when hydrogen sulphide is passed into sulphur 
dioxide solution. 

SO, -+2H,S=2H,0+43S 
Sulphur is precipitated from the solution by adding sodium chloride 
which coagulates colloidal sulphur. It is used in medicine. 

Properties of sulphur. (A) Physical properties: Pure native 
sulphur fs a yellow crystalline substance. It is a poor conductor 
of heat and electricity. It is insoluble in water but soluble ín 
carbon di-sulphide. It boils at 444°6°C under 760 mm. pressure } 
this temperature is sufficiently constant to be used as a fixed point - 
in thermometry. 

(B) Chemical properties: Sulphur has six electrons in its 
outermost energy level and hence will combine with any clements 
which can furnish two electrons or an interest in two electrons. 
Consequently, sulphur is a reactive element and combines with most 
of the clements, especially when heated. | 

Sulphur combines directly with all of the non-metals except the - 
inert gases, iodine and nitrogen. 
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(i) Reaction with non-metais. It burns in air or oxygen with 

a blue flame to form sulphur dioxide, SO, and a little sulphur 
trioxide, SO,. 

$--0, SO, 
When heated sulphur combines with aes a forming hydrogen 
Sulphide, the reaction being slow and reversible. 

H, +8 = H,S 
Sulphur reacts with halogen forming a variety of halides. Thus, it 
burns in fluorine spontancously mh sulphur hexafluoride. 


SA43F, SF, 
Sulphur monochloride is formed when dry chlorine is passed into 
boiling sulphur. 

28 Cl, «S,Cl, 


Sulphur monobromide is formed by heating bromine with sulphur. 
28-- Br, S, Br, 


perse — is passed over a bed of glowing coke, carbon 


284-C- CS, 


Sulphur reacts explosively with yellow phosphorus when heated 
vere. phosphorus sulphides. It reacts with red phosphorus more 
ly. 


(ii) Reaction with metals, Sulphur is a quies non-metal and 
combines with all metals except gold and of the platinum 
family to produce the sulphides. In some cases, the reaction takes 
place with the evolution of heat. When sulphur and mercury are 
rubbed in a mortar, mercuric sulphide is formed, 


Hg+S=HgS 


When a thin strip of copper is inserted into the vapours of sulphur, 
the metal burns brilliantly forming copper sulphide, . 


Cu $e Cus 

Sulphur reacts with iron when heated forming ferrous sulphide. 
Fe+S=FeS 

Alkali metal sulphides are formed when alkali metals are heated 


with sulphur. 
2Na+S=Na,S 


(ii) Reaction with compounds. Sulphur is oxidised by hot 
concentrated sulphuric acid to sulphur dioxide. 


S+2H,SO, = 380, +2H,O 
Hot concentrated nitric acid oxidises it to sulphuric acid, 
S--6HNO, =H,SO,+6NO, 4+2H,O 
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Sulphur dissolves in alkalis to form primarily a mixture of sulphide 
and sulphite, i 

3S+6KOH -2K,S--K,S0, +3H,O 
The sulphide and sulphite formed in this reaction may unite with 
further quantity of sulphur to form respectively polysulphides s 
as K Sə, K.S, and thiosulphates, K,S,O,. Therefore, these 
compounds are present in the solution of sulphur in alkali. When 
sulphur is boiled with a suspension of slaked lime, calcium penta- 
sulphide and calcium thiosulphate are formed. i 


128 4- 3Ca(OH), = CaS,0, --2CaS, --3H,O0 
When potassium carbonate is fused with sulphur, a liver-brown 


mass containing a mixture of polysulphides and thiosulphate is 
obtained, 


6S--3K,CO, — K,$50, --2K,$, --3CO, 
This mixture is used in medicine under the name of liver of sulph í 
Sulphur does not react with cold water, but a little sulphur dioxide 
and hydrogen sulphide are formed if steam is passed through boiling 
sulphur. 

38--2H,0 -2H,S4- SO, 


Uses of sulphur. (i) Large quantities of sulphur are burnt to 
sulphur dioxide which, in turn, is used for the manufacture ol 
sulphuric acid and for the preparation of bisulphite for the paper 
and pulp industry. 


(ii) Large quantities of sulphur are used in the vulcanization of 
rubber—a process in which rubber is mixed with sulphur and heated: 


(ii) Sulphur is largely used in the manufacture of variety of 
reagents such as carbon disulphide and in the. manufacture of pig- 
ments such as vermilion ( mercuric sulphide ) and ultramarine, It 
is also used in the manufacture of matches, enamel and bla 
gunpowder which is a mixture of Sulphur, carbon and potassium 


nitrate, B 


(iv) A type of cement is made from sand and molten sulphur. 
Petrasul which isa synthetic stone is made from asbestos fibres, 
cement and sulphur. Zavasul vessels which are used for storing 
corrosive liquids are prepared from powdered coke and sulphur. 


(v) Large quantities of flowers of sulphur are used to destroy 
noeud pests, It is used in medicine for the treatment of 
ases. 
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Hydrogen sulphide or Sulphuretted hydrogen, HS. 


Hydrogen sulphide was known by its smell to the alchemists of the 
middle ages. In 1777, K. W. Scheele first peris the compound 
systematically and proved that it is a compound of hydrogen and sulphur. 


Hydrogen sulphide occurs in volcanic gases and in several mineral 
waters, Natural gas also frequently contains hydrogen sulphide. It is 
always formed when animal and plant matter containing sulphur decom- 
Pose in a limited supply of air. The gas contributes to the smell of rotten 
eggs. 


Preparation (i) By the direct union of hydrogen and sulphur. 
At ordinary temperature, hydrogen and sulphur do not combine, 
but with the increase of temperature, the combination takes place 
and becomes almost complete at 350*C. The reaction takes place 
very slowly. The reaction can be brought about more conveniently 
by boiling sulphur in an atmosphere of hydrogen and passing the 
resulting mixture over finely divided nickel at 450'C when almost 
complete combination takes place. Hydrogen sulphide formed is 
condensed out by cooling with solid carbon dioxide. The gas is 
then freed from sulphur by subsequent evaporation and dried with 
phosphorus pentoxide. It is then collected over mercury. Hydrogen 
sulphide thus obtained is very pure. 


H, +S = H,S+2'73 kcal 
The reaction is exothermic and hence the reverse reaction becomes 


more and more important when the temperature is increased 
above 500°C, 


(ii) By the action of dilute acids on metal sulphides, Laboratory 
method, In the laboratory, hydrogen sulphide is most readily 
prepared by treating metal sulphides with dilute acids. For ordinary 
purposes ferrous sulphide and dilute hydrochloric acid or sulphuric 
acid are usually employed. 


FeS+2HCl=FeCl, -- H,S 
FeS+-H,SO, € FeSO, +H,S 


Few pieces of ferrous sulphide are taken in a Woulf’s bottle fitted 
with a thistle funnel and a delivery tube. Dilute hydrochloric 
acid are poured down the thistle funnel in sufficient quantity 
so that the end of the thistle funnel dips below the surface of the 
acid. Hydrochloric acid at once reacts with ferrous sulphide 
evolving hydrogen sulphide. The gas is collected by the upward 
displacement of air or over hot water. 


Purification, The gas thus obtained is not pure, It contains, 
in addition to acid sprays, hydrogen which is formed by the action 
of free iron on acids, Iron is always present as impurities in 
ferrous sulphide which is made by heating iron and sulphur together, 
The gas may also contain traces of hydrocarbon derived from the 
action of the acids on the impurities in the iron, 
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Acid spray is removed by passing the gas through a saturated 

solution of sodium hydrogen sulphide. 
NaHS+HCl=NaCl+H,S 

The gas is then passed over phosphorus pentoxide when moisture is 
removed, The gas still contains hydrogen which is removed by 
solidifying the gas with liquid air. Hydrogen is not condensed 
under these conditions and so can be pumped off. The solid is then 
allowed to warm up slowly and the first portion of the gas is 
allowed to escape. Later portion of the gasis very pure hydrogen 
sulphide. 


Hydrogen sulphide free from hydrogen may be prepared by 

heating antimony sulphide with concentrated hydrochloric acid. 

$b,$, --6HCI —2SbCI, + 3H,S 
The gas is then passed through water contained in a wash-bottle to 
remove hydrogen chloride and then over phosphorus pentoxide to 
remove moisture, It is then collected by the upward displacement 
of air, The gas cannot be dried over concentrated sulphuric acid 
which oxidises the gas to sulphur. 

H,SO,+H,S=2H,0+S0,+S 
The gas cannot be dried with anhydrous calcium chloride because it 
reacts with calcium chloride to form calcium sulphide and hydro- 
chloric acid. 

CaCl, +H.S = CaS--2HCI 
If hydrogen sulphide is not dry, pure and free from oxygen, it 
reacts with mercury. Hence, impure hydrogen sulphide cannot be 
collected over mercury. 


(iii) Hydrogen sulphide is conveniently prepared by heating a 
mixture of sulphur and paraffin ( 2: 1 by weight ) with crushed 
asbestos to about 300°C. The reaction ceases on cooling but by 
reheating it can be started again. 

Properties. (A) Physical properties. Hydrogen sulphide is a 
colourless gas having the smell of rotten egg. Actually, rotten eggs 
owe much of their unpleasant smell to hydrogen sulphide which 
is formed by the anaerobic decomposition of proteins containing 
sulphur. The gas is very poisonous ; prolonged inhalation of the 
gas causes serious poisoning. It is soluble in water and the solution 
is called hydrogen sulphide water. A solution of hydrogen sulphide 
in water turns blue litmus red and in general possesses acidic pro- 
perties. This acid is sometimes called hydrosulphuric acid. Hydrogen 
sulphide can be expelled completely from its aqueous solution by 
boiling. It condenses to a colourless liquid which boils at— 60°75°C. 
The liquid hydrogen sulphide is a non-conductor of electricity. 
The gas is heavier than air and hence can be collected by the 
upward displacement of air. 
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(B) Chemical properties: (i) Stability to heat. Hydrogen 
sulphide is not very stable, because its molar heat of formation is 
only 4'8 kcal. When heated it decomposes into its elements and 
above 1700°C, it is dissociated completely. 

H S=H, +S 
Hydrogen sulphide is less stable than hydrogen chloride but more 
stable than phosphine. 

(ii) In excess of air, or oxygen, hydrogen sulphide burns with 
a bluish flame to form sulphur dioxide and water. 

2H5$84- 30, =2H,0+2S0, 
but in a limited supply of air or oxygen the product is sulphur and 
water because hydrogen has the greater affinity for oxygen. 
2H,$--0, —2H,0-4-28 

(iii) Reaction with metals. At high temperatures, metals whose 
sulphides are stable react with hydrogen sulphide. 

Cu-- H,S— CuS--H, ; Sn4+H,S=SnS+H, ; Pb--H;Se PbS--H, 

The tarnishing of silver in air containing a trace of hydrogen 

sulphide is due to the formation of a black sulphide film. 
4Ag--2H,S--O, =2Ag,S+2H,O 

(iv) Reducing property. (a) Halogens are reduced by hydrogen 
sulphide to hydrohalic acids. 

H,S+Cl,=S+2HCl1 
H S+Bro=S+2HBr; H,S+I1,=S+2HI. 

A solution of hydrogen sulphide reacts slowly with large excess 

of chlorine-water forming sulphuric acid. 
H,S+4H,0+4Cl, =H.SO,+8HCI 

(b) In presence of moisture, hydrogen sulphide reduces sulphur 

dioxide to sulphur, 
2H,S--SO, =38+2H,O 
The sulphur-deposits in volcanic regions are thought to be due to 


the reaction of the gases SO, and H,S both of which are present in 
volcanic gases. 


Hydrogen sulphide acts as a reducing agent in aqueous or 
alcoholic solution. It reduces a wide variety of compounds; in 
most cases it is oxidised to free sulphur. Thus it reduces ferric- 
chloride to ferrous chloride. 

2FeCl, +H.S=2FeCl, +2HCI+S 
Nitric acid is reduced to nitrogen dioxide. 
2HNO,+H,S=2NO,+2H,0+S 
Hydrogen sulphide reduces potassium permanganate; thus when 
it is passed through a pink solution of potassium permanganate 
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acidified with dilute sulphuric acid, the pink colour disappears ‘and 
sulphur is precipitated. 
2KMnO,+3H,SO,-+-5H.S=K,SO,+2MnSO, +8H,0+5S 
When hydrogen sulphide is passed through a solution of potassium 
dichromate acidified with dilute sulphuric acid, the orange colour 
of the solution is converted into green colour owing to the reduction 
of potassium dichromate and sulphur is deposited. 
K,Cr,0, +4H,SO,+3H,S=K,SO,+Cr,(SO,),+7H,0+3S 
Hydrogen sulphide reduces sulphuric acid to sulphur dioxide. 
H,SO,+H,S=2H,0+S0,+S 
(v) Acid properties. The solution of H,S in water behaves as 
an extremely weak acid called hydrosulphuric acid. It is a diprotic 
acid and ionises in two stages. 


H SH+ + HS- 
HS-=H* + $7? 
Hence, it forms two types of salts, hydrogen salts and normal salts, 


e.g., NaHS and Na,S. Thus it reacts with sodium hydroxide to 
' form sodium hydrogen sulphide and sodium sulphide. 


NaOH-- H,S - NaHS-4-H,O 
NaHS+ NaOH =Na,S+H,O 

(vi) Aqueous hydrogen sulphide precipitates the sulphides of 
some metals from acid solution of their salts, e.g., copper, lead, 
cadmium, mercury, arsenic, etc., 

CuSO,-+H,S=CuS+H,SO, 

CdCl, 4- HS — CdS 4-2HCI 

A Pb(NO;),-+H,S=PbS+2HNO, 

Sulphides of many metals are precipitated by H.S from alkali 
solution of their salts, e.g., zinc, cobalt, nickel, etc. 

ZnSO, -H,S- ZnS--H,SO, 

CoSO, +H,S=CoS+H,SO, 
Thus, it is possible to precipitate selectively the sulphides of the 
metals from solutions of their salts. This selective precipitation of 
metal sulphides by H,S is the basis of the classical scheme of 
qualitative analysis. 

(vii) When hydrogen sulphide is passed through a suspension of 
Magnesium oxide in water, a solution of magnesium hydrosulphide 
is obtained. On heating this solution at 60°C, pure H,S is 
evolved, 


M20 --2H; S — Mg(HS); --H,O 
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Structure of hydrogen sulphide. The molecule of hydrogen 
sulphide is covalent ; its electronic structure is H* 8: The H-S-H 


H 
angle is 92°. Itis analogous to that of its oxygen counterpart 
water. 
Uses of hydrogen sulphide. It is used as a reagent for separation 
and identification of the metals in qualitative analysis. 


Absorbent, The gas is absorbed by (i) lead nitrate solution and 
(ii) potassium or sodium hydroxide solution. 

Sulphides, Neutral salts of hydrosulphuric acid ( containing the 
S-- ion ) are known as sulphides while the acid salts (containing the 
HS- ion) are known as hydrosulphides. The sulphides of alkali 
and alkaline-earth metals are prepared on a commercial scale by 
heating sulphates with powdered charcoal; thus sodium sulphate 
when heated with charcoal yields sodium sulphide. 

Na,$0, -- 4C 2 Na,S--4CO 
Sulphides of some metals can be obtained by the direct union of 
the metals with sulphur. Thus, when a mixture of iron filings and 
sulphur is heated, iron sulphide is formed. 

Fe+S=FeS 
The sulphides of the metals which are insoluble in water are 
prepared by the action of hydrogen sulphide on aqueous solutions 
of their salts. For instance, if hydrogen sulphide is passed through 
a solution of any copper salt, a black precipitate of cupric sulphide 
immediately appears. 
CuSO, +H,S=CuS+H,SO, 

or in the ionic form, Cu*+-++-H,S=CuS+2H* f 
The precipitate is also insoluble in dilute acid. If the precipitate 
were soluble in dilute acids, it would not form at all because acid 
is formed in the reaction. Ferrous sulphide which is soluble in 
dilute acids can be conveniently prepared by treating a solution of 
ferrous salt with a solution of sodium sulphide instead of HS, since: 
no acid will be formed during the reaction and ferrous sulphide is 
thrown down directly as a black precipitate. 

FeSO, -+Na.S=FeS+Na,SO, 

Properties. Metallic sulphides are non-volatile solids, The 
sulphides of sodium, potassium and ammonium are hydrolysed in 
water to produce an alkaline solution. 

Na,S+H,O=NaHS+Na0H 
The sulphides of aluminium, chromium and magnesium hydrolyse 
almost completely when dissolved in water; thus if ammonium 
sulphide solution is added to the solution of aluminium salt, alumi- 
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nium hydroxide is precipitated due to the hydrolysis of aluminium 
sulphide formed. 

2AICI, +3(NH,),S=6NH,CI+Al3S8, 

AlS + 6H 20 —2AI(OH); +3H 2S 

. The sulphides of calcium, barium and strontium react very slowly 

with water forming hydroxides and hydrosulphides of the corres- 
ponding metal since they are slightly soluble in water. 

2CaS 4-2H ,O — Ca(HS), + Ca(OH)» 
When the sulphides of some metals are roasted in air, sulphur 
dioxide and metallic oxides are formed, e.g., 

4FeS, +110, —2Fe,0; +850; 


Detection of hydrogen sulphide and sulphides. Hydrogen sulphide 

is detected by the following tests : 
(i) It gives the smell of rotten eggs. 
. (i) When a filter paper soaked with a solution oflead acetate 
is exposed to the gas,a lustrous brownish to black film of lead 
sulphide is formed on the paper. 
Pb(CH, COO), +H,S=PbS+2CH,COOH 

(iii) Ifa drop of aqueous solution of a sulphide is placed on 
a bright silver surface, characteristic dark stains appear on the 
surface, 

(iv) If the solution of a sulphide is treated with alkaline sodium 
nitroprusside solution, purple colouration is produced. 


Na,S 4- Na,[ FeNO(CN),] - Na,[ FeNOS(CN);] 


(v) The presence of sulphide in insoluble sulphides is detected 
by heating the sulphide with granular zinc and strong hydrochloric 
acid. Nascent hydrogen produced reduces the sulphide with the 
production of hydrogen sulphide which is detected by its action on 
lead acetate paper. 


CuS--2HCI4- Zn - ZaCl, 4- Cu-- HS 


Oxides of Sulphor 


As many as six different oxides of sulphur are known ; only two 
of these, the sulphur dioxide, SO, and sulphur trioxide, SO, are of 
importance. 


Sulphur dioxide, SO, 


In 1770, J. Priestley first obtained the gaseous sulphur dioxide by the 
action of hot concentrated sulphuric acid on mercury and collected the 
“gas over mercury. He called it “vitriolic acid air". The composition of 
“the gas was determined by Lavoisier in 1777. 
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Sulphur dioxide occurs in volcanic gases and in the springs of volcanic 
districts. Traces of the gas are present in the atmosphere, being derived 
from the roasting of sulphide ores and combustion of iron pyrites 
contained in coal and from many industrial operations. 


Preparation, Sulphur dioxide can be prepared by the following 
processes. 

(i) By the burning of sulphur. When ignited in air, sulphur 
burns with a blue flame, forming sulphur dioxide together with a 
little sulphur trioxide. 

$40,580, 
The products of combustion are then passed up a tower down which 
a stream of cold water flows, Sulphur dioxide dissolves in water. 
On heating the solution, the gas is expelled from the solution. It 
is then dried by refrigeration and by exposure to sulphuric acid. 
Finally, it is liquefied by compression. The liquid SO, is stored 
in steel cylinders. 

(i) By the burning of pyrite. Sulphur dioxide is prepared on 
a large scale by burning iron pyrites in air, 

4FeS, +110, = 2Fe,0, + 850; 
The crude gas from the pyrite burners contains impuritics such as 
arsenious oxide, As,O,, sulphur trioxide and dust particles. The 
gas is purified by passing it through settling chambers, coke filters 
and coke towers down which is flowing sulphuric acid. 


(iii) By the roasting of sulphide ores, Sulphur dioxide can also- 
be prepared by roasting ores containing sulphur such as zinc. blende, 
copper pyrites, etc, 

2ZnS+30, =2Zn0 --280, 
Sulphur dioxide by this process is often immediately employed in 
the manufacture of sulphuric acid. 

The foregoing methods are used in the preparation of sulphur 
dioxide on a large scale and hence are not suitable for the prepara- 
tion of small quantities of sulphur dioxide for use in laboratory. In 
the laboratory preparation, the following methods are commonly 
employed. 


(iv) (a) By the reduction of sulphuric acid by an oxidisable 
element. Laboratory jon. In the laboratory, sulphur 
dioxide {s usually prepared by reducing concentrated sulphuric acid 
by oxidisable elements the commonest of which are copper and 

2H,80, -- Cus CuSO; --SO; --2H ;O 
2H,80, +C &CO, 280, --2H,0 
turnings are taken in a flask which is fitted with a thistle 
funnel and a delivery tube. Concentrated sulphuric acid is added 
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through the thistle funnel in sufficient quantity so that the end of 
the thistle funnel dips under the surface of the acid. The flask is 
then heated on wire gauze and the 
mixture becomes dark and sulphur 
dioxide is evolved with efferves- 
cence. The gas is then collected 
by the upward displacement of air. 
It may be dried by passing it 
through a wash-bottle containing 
concentrated sulphuric acid and 
collected over mercury. It can also 
be dried by anhydrous calcium 
chloride or phosphorus pentoxide. 


N.B. : Copper sulphate, CuSO,, 
5H,O can be recovered from the 
residue left in the flask. After 
cooling, the residue is warmed with 
water and the solution is filtered. 
= The filtrate is eyaporated and set 

Fig. 9.4 aside. Copper sulphate separates 
out of the solution in the form of deep-blue crystals. 

(b) By the action of acids on sulphites or bi-sulphites. In the 
laboratory, sulphur dioxide can also be prepared by adding an acid 
to a cocentrated solution of sulphites or bisulphites. Thus, when 
concentrated sulphuric acid is added dropwise to a concentrated 
solution of sodium bisulphite, sulphur dioxide is evolved. 

NaHSO, +H.SO, =NaHSO,+SO,-+H,O 
Na,SO,+2HCl=2NaCl+S0,+H.O — 
NaHSO; 4- HCl 2 NaCI 4- SO, 4- H,Ó 

Properties, (A) Physical properties, Sulphur dioxide is a 
«colourless gas with a pungent odour of burning sulphur, It is 2} 
times as heavy as air. It condenses quite readily to a colourless 
liquid ; at normal pressure it liquefies at ~10:02°C. The liquid 
freezes at —74°46°C to a snowy solid. Rapid evaporation of some 
of the liquid will cause the remainder to freeze. 

The gas is very soluble in water. The solution contains the 
unstable weak acid, H,SO, which is formed by the reaction 
‘between part of sulphur dioxide dissolved and water. 

S0,+H,0 = H,SO, 
All the sulphur dioxide can be completely expelled from the solution 
by boiling. 

(B) Chemical properties. (i) Stability to heat. Sulphur dioxide 
fs stable to heat. The gas is appreciably dissociated to sulphur 
vtrioxide and sulphur at 1200°C, 

380, = S--280, 
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(ii) Sulphur dioxide is incombustible and it does not support 
the combustion of hydrogen. At high temperatures and in the 
presence of suitable catalyst such as platinum sulphur dioxide 
combines with oxygen forming sulphur trioxide, the reaction being 
reversible, 

280, 4-O, = 280, 

This attachment of oxygen atom to sulphur dioxide molecule to 
form sulphur trioxide molecule is possible due to the presence of 
unused pair of electrons on sulphur atom of SO, molecule ( see 
molecular structure of SO, ). 

The anhydrous sulphur dioxide reacts with anhydrous chlorine, 
bromine and fluorine forming sulphuryl chloride, sulphuryl bromide, 
and sulphuryl fluoride respectively. The reaction is catalysed by 
camphor and charcoal. 

SO, +Cl.=SO,Cl, ; SO,+Br, =SO,Br, ; 80,+F,=SO,F, 


(iii) Reaction with metals, Some metals burn in sulphur dioxide 
by abstracting its oxygen. For example, finely divided tin, and 
iron burn in the gas when heated forming oxides and sulphides, 
Zinc reacts with sulphur dioxide forming zinc hyposulphite. 

Zn4-280, —Zn8,0, 
Heated potassium burns in it forming sulphite and thiosulphate. 
4K 4-380, - K,80, -K,8,0, 

(iv) Acid properties. The aqueous solution of sulphur dioxide 
acts as a weak dibasic acid. If sulphur dioxide is passed through a 
solution of sodium hydroxide till the solution is saturated, sodium 
bisulphite is formed. 

NaOH4- S0; = NaHSO, 
With excess of sodium hydroxide, it forms normal salt. 
NaOH +NaHSO, =Na,SO,+H,O 
Sodium metabisulphite is made by evaporating a solution of sodium- 
bisulphite 
2NaHSO, — Na,$,0,--H,O 
This is used in photography asa developer. 

It reacts with sodium carbonate in a similar manner; thus if 
the solution of sodium carbonate is saturated with sulphur dioxide, 
sodium bisulphite is formed and if sodium carbonate is in excess 
sodium sulphate results. 

N1,CO,+H,0+2S0, —2NaHSO, --CO; 
2NaHSO; +Na,CO, =2Na,SO;+CO,+H,O 

When sulphur dioxide is passed through lime water, lime water 
turns milky because of the formation of insoluble calcium sulphite. 


g* 
" 
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If excess of the gas is passed through the solution, calcium sulphite 
dissolves forming soluble calcium bisulphite and hence milkiness of 
the solution disappears. 
` Ca(OH), -+-SO, =CaSO,+H,O 
CaSO, +H,0+SO, =Ca(HSO5). 

(v) Reducing properties. Aqueous solution of sulphur dioxide 
is a good reducing agent. It reduces halogens to the halogen acids. 
Thus when sulphur dioxide is passed through chlorine water, 
bromine water and through suspension of iodine in water, hydro- 
chloric acid, hydrobromic acid and hydriodic acid are respectively 
formed. 

SO, +Cl, +2H,O=2HCI+H,SO, 
SO, -- Br, --2H,O 2 2HBr --H,SO, 
SO, +I, +2H,O=2HI+H,SO, 
It is oxidised to sulphuric acid by atmospheric oxygen. 
2H,0 4-280, +0, =2H,SO, 
Tt reduces an iodate to iodine but with excess of sulphur dioxide, 
iodine is further reduced to bydriodic acid. 
2KIO, --580,-- 4H,O — T, -+3HyS0,+2KHSO, 
I,+S0,+2H,0=2HI+H,SO, 
Sulphur dioxide reduces neutral solution of potassium permanga- 
nate ; thus if it is passed through pink solution of KMnO,, the 
solution becomes colourless. 
2KMnO, 4-580; +2H,O=K.,SO,+2MnSO,+2H.SO, 
Sulphur dioxide reduces acidified potassium dichromate solution ; 
thus if SO, is passed through K,Cr,O; solution acidified with 
sulphuric acid, the orange-yellow colour of the solution becomes 
green. 
K,Cr,0,+3S80,+H,SO,=K,S0,+Cr,(SO,),-+H,O 
Aqueous solution of the gas reduces hydrogen peroxide to water. 
H,SO,+H,O, =H,SO,+H,O 
Ferric salts are reduced by sulphur dioxide to ferrous salts, 
2FeCl, + SOy+2H.O = 2FeCl, +2HCI+H,SO, 

(vi) Oxidising properties. Under certain conditions, sulphur 

dioxide oxidises carbon to carbon dioxide. 
S0, +C=C0, +S 
The reaction is exothermic and takes place rapidly and almost 
completely at 1100°C. 
In strongly acidic solution, it oxidises ferrous chloride to ferric 
chloride. 
4FeCl, +S0,+4HCI=4FeCl, +2H,O+S8 
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Hydrogen sulphide is oxidised to sulphur by sulphur dioxide. 
2H,S+SO0, =2H,0+3S 
An aqueous solution of SO, is reduced to H,S by Zn and HCI. 
H, SO, +3Zn+46HCl=H,S+ 3ZnCl, +3H,O 
Sulphur dioxide oxidises carbon monoxide to carbon dioxide when 
heated to 500°C in presence of a catalyst ( bauxite ). 
SO, +2CO=2C0,+S 
In presence of ultraviolet light, the aqueous solution of sulphur 
dioxide undergoes auto-oxidation reduction, 
3H,80, =2H,SO,+S+H,O 


(vii) Sulphur dioxide reacts with lead dioxide and sodium 
peroxide on being heated forming lead sulphate and sodium sulphate 
respectively. 

PbO, --$0, =PbSO, ; Na,O, --SO, — Na,SO, 


(viii) Phosphorus pentachloride reacts with sulphur dioxide 
forming thionyl chloride and phosphoryl chloride. 


SO, -- PCI, = SOCI, 4- POCI, 


Explanation of oxidising and reducing properties of sulphur 
dioxide, The oxidising and reducing properties of sulphur dioxide 
can be explained as follows : 


The common oxidation states in which sulphur atom can exist 
in its stable compounds are --6, --4 and —2. The highest positive 
oxidation state in which sulphur can exist in its compounds is +6 
because it contains 6 electrons in its outermost shell. In sulphur 
dioxide sulphur atom exists in +4 oxidation state, Hence, in its 
reactions, sulphur atom is capable of transiting from +4 oxidation 
state to +6 oxidation state as well as from +4 oxidation state to 
0 and —2 oxidation state, In reactions with oxidising agents, 
sulphur atom of sulphur dioxide goes from +4 oxidation to +6 
oxidation state by losing electron. Consequently, in these reactions 
it acts as a reducing agent, On the other hand, in reactions with 
reducing agents sulphur atom of sulphur dioxide goes from +-4 
oxidation state to 0 and —2 oxidation states by accepting electrons. 
Hence, in these reactions it acts as an oxidising agent, 


(x) Bleaching property. Sulphur dioxide, in presence of mois- 
ture, bleaches many organic colouring substances to colourless 
compounds, Thus, it is used to bleach paper, straw, wool, silk and 
other articles which cannot be bleached by chlorine because 
chlorine destroys them. Some foods such as dried fruits are 
bleached by sulphur dioxide. Materials bleached by sulphur 
dioxide upon exposure to light and air sometimes regain their 
original colour. 


I. Ch.—13 
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In bleaching by sulphur dioxide, water is necessary and hence 
dry sulphur dioxide cannot bleach dry flowers. The bleaching 
property of itis explained by two theories : (i) It is due to the 
fact that sulphurous acid forms with organic colouring matter, 
unstable addition compounds which are colourless. The original 
colours of the materials are restored because of the gradual break- 
down of the addition compounds, (ii) The bleaching is due to the 
reduction of coloured compound to colourless compound by nascent 
hydrogen formed by the reaction of sulphur dioxide with water. 

80, +2H,O=H,SO,+2H 
colouring matter +2H -> colourless matter 

Uses of sulphur dioxide. (i) Large quantities of sulphur dioxide 
are used in the manufacture of sulphuric acid and various sulphites. 
Calcium bisulphite Ca(HSO,), is used in the manufacture of paper 


pulp ; it dissolves lignin which holds together the fibres of cellulose 
in the wood. 


(ii) It is used for bleaching Straw, wool, silk, etc. It is also 
used as a disinfectant for killing the germs of many micro-organisms 
and for fumigation to destroy mould fungi in damp cellars and 
basements, wine barrels, fermentation tanks, etc. 

(ii) It is used as a preservative for dried fruits. It is used 
as an antichlor. for removing excess chlorine from bleached 
materials, 

(iv). Sulphur dioxide finds use 
cularly in large commercial units, 

(v) Liquid sulphur dioxide is à good solvent for 
tances such as phosphorus, iodine, resins, etc. 


Tests. (i) Sulphur dioxide is detect 
pungent smell of burnt sulphur, 


as a refrigerating agent, parti- 
Many subs- 


ed by its characteristic 


1 f bu (ii) It turns a piece of paper 
soaked with acidified solution of Potassium sci FRA 


(iii) It decolourises potassium permanganate solution. 
When a sulphite is treated with dilute hydrochloric acid, SO, is 
evolved, which is recognised by the above tests, P 
When barium chloride Solution is 
sulphite, white precipitate of barium 
hydrochloric acid is obtained. 


Absorbent, Sulphur dioxide is absorbed b i i 
potassium hydroxide, C ae 


na Molecular structure, In the molecule of sulphur dioxide 
sulphur atom is linked to one oxygen atom by * co-ordinate 
co-yalent bond and to the other oxygen b; 
bonds (double bond). Since 
two equivalent electronic st 


added to a solution of a 
Sulphite soluble in dilute 
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dioxide molecule. . The structure is, therefore, a resonance hydrid 
of these two forms. The situation is represented as follows : f 
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Sulphur trioxide, SO; 


It seems probable that sulphur trioxide was known in the seventeenth 
century as ‘philosophical salt". It was called by K. W. Scheele the: 
anhydride of sulphuric acid. 


Preparation. (i) By the direct union of sulphur dioxide and! 
oxygen. Sulphur trioxide can be prepared by the direct combina- 
tion of sulphur dioxide and oxygen. 

280, +0,=280, 

The reaction is reversible and takes place very: slowly under 
ordinary conditions. However, in the presence of catalyst such as 
finely divided platinum or vanadium pentoxide and at 434°C, the 
Teaction proceeds rapidly and an optimum yield of sulphur trioxide 
is obtained. At temperatures higher than 434°C, the yield of 
‘sulphur trioxide decreases and at 1000°C, the yield is zero. 

Sulphur trioxide can be prepared in the laboratory by an 
arrangement shown in fig. 9.5. Oxygen and sulphur dioxide are: 
dried by passing them through conc. H,SO, in a jar (a). The 
mixture of dried gases then passes into the tube (5) containing 
. Platinised asbestos (asbestos coated with finely divided platinum) 


Catalyst 


Fig. 9.5 
which is heated by a gas burner. Sulphur dioxide combines with - 
oxygen in the tube forming sulphur trioxide which passes together 
with unreacted gases into the tube (c) cooled by ícé and water. Part 
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of sulphur trioxide condenses here and the rest passes into the bottle 
(d) where it reacts with water producing sulphuric acid. 


(ii) Small quantities of sulphur trioxide can be prepared by 

distilling pyrosulphuric acid or ferric sulphate. 
H,S,0, =H,SO,+S0; 
Fe,(SO,);=Fe,0; +380, 

(ii) Sulphur trioxide can also be prepared by heating concen- 

trated sulphuric acid with phosphorus pentoxide. 
H,SO,+P,0,=SO,+2HPO, 

Properties. (A) Physical properties: At ordinary temperatures, 
pure sulphur trioxide is a colourless mobile liquid which boils 
at 44:5"C and freezes at 16°8°C into a transparent crystalline mass 
(4-form), The solid sulphur trioxide exists in two forms. The 
«-form consists of colourless needles which melt at 168°C. These 
crystals fume in moist air and on standing gradually change into 
long silky crystals which sublime at 50°C without melting. This 
modification is known as f-sulphur trioxide which has a molecular 
weight corresponding with the formula (SO;),. The liquid fumes 
strongly in moist air. 

(B) Chemical properties : Sulphur trioxide dissociates appre- 
ciably at about 400*C and the higher the temperature, the further 
it proceeds : 

280,22280, +0, 
Sulphur trioxide dissolves in water with hissing sound evolving a 
large amount of heat and sulphuric acid is produced. 
SO,+H,O=H,SO, 
It dissolves readily in sulphuric acid forming oleum or fuming 
sulphuric acid which consists mainly of pyrosulphuric acid, 
H5$,0;. 
SO, +H,SO, 2 H,$,0; 
It oxidises carbon to carbon dioxide and liberates iodine from 
potassium iodide. 
C+2S80;=CO, 4-280, 
2KI+2SO,=K,SO,+I,+SO, 
Sulphur trioxide adds ammonia forming sulphamic acid. 
NH; +SO,=HSO,NH, 
It reacts with many metallic oxides and hydroxides forming sul- 
phates and bisulphates. 
BaO-- SO, =BaSO, 
NaOH +50, 2 NaHSO, 
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Sulphur trioxide adds to hydrochloric acid in presence of sulphuric 
acid forming chlorosulphonic acid. 

SO;+HCl=HSO,Cl 
Chlorosulphonic acid is a colourless liquid which finds wide 
applications in organic chemistry, for example, in the prepara- 
tion of sulpha drugs. 

Sulphur trioxide acts only as an oxidising agent. There are 
six electrons in the outermost shell of sulphur atom. Hence, the 
highest positive oxidation state in which sulphur atom can 
exist is 4-6. In sulphur trioxide, sulphur atom exists in +6 
oxidation state, Hence, it cannot act as a reducing agent. On 
the other hand, it can act as a powerful oxidising agent because in 
these reactions, sulphur atom of sulphur trioxide can go from 
+6 oxidation state to +4, 0 or —2 oxidation states by accepting 
electrons, 

Molecular formula. When heated to 1000°C, sulphur trioxide 
decomposes completely into sulphur dioxide and oxygen, 

280, =280,+0, 
Two volumes of sulphur trioxide yield two volumés of sulphur 
dioxide and one volume of oxygen. Hence, its formula is (SO;),. 
The vapour density of the sulphur trioxide shows that its formula 
must be SO,. 

Molecular structure. Three equivalent electronic structures of 
sulphur trioxide are possible. Its structure is a rosonance hybrid of 
these three forms. 
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Oxy-acids of Sulphur 


Many oxygen acids of sulphur are known. Some of them are 
sulphurous acid, H,SO,, thiosulphuric acid, H,S,O,, sulphuric 
acid, H,SO,, pyrosulphuric acid H5S,0;, and peroxy disulphuric 
acid H,S,O,. Some of these acids are unstable and are known only 
in the form of their salts, Sulphuric acid is the most important 
among the oxy-acids of sulphur since it has the greatest industrial 
use of any compound known. 

Sulphurous acid, H,SO, 
Sulphurous acid is a very unstable compound and is known only 


in aqueous solution. It is formed when sulphur dioxide is dissolved 
in water. SO, +H,O=H,SO,; 
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Attempts to isolate sulphurous acid from water result in their 
total decomposition and an accompanying evolution of sulphur 
dioxide. When sodium sulphite is treated with concentrated 
sulphuric acid, sulphurous acid is not formed and instead sulphur 
dioxide is evolved. 
Na,SO,+H,SO,=Na,SO,+S0,+H,O 
Solution of sulphurous acid absorbs oxygen from air forming 
sulphuric acid and hence they should be kept in air-tight vessel. 
2H,80, +0, =2H SO, 

In sulphurous acid, sulphur atom exists in +4 oxidation state. 
Sulphur can exist in —2, +4 and +6 oxidation states in its stable 
compounds, Hence, sulphurous acid possesses both oxidising and 
reducing properties. At 150°C, it undergoes auto-oxidation-reduction. 


+6 0 
3H,S0, <= 2H;$0,-$--H,O 
Sulphites and bisulphites, Sulphurous acid forms two series of 
salts ; the normal salts are called sulphites and the acid salts are 
called hydrogen sulphites or bisulphites. 


Sodium sulphite is prepared as follows: A solution of caustic 
soda is divided into two equal parts. One part is saturated with 
sulphur dioxide when a solution of sodium hydrogen sulphite 
NaHSO,, isformed. This is then mixed with the other half of 
sodium hydroxide solution. The resulting solution on evaporation 
yields the crystals of normal sodium sulphite, Na,SO,, 7H,O. 
Sodium bisulphite, NaHSO, has not been isolated in the solid state. 
If the solution of sodium hydrogen sulphate is evaporated in 
presence of. excess of sulphur dioxide, crystals of sodium metabisul- 
phite Na58,O; are obtained. Barium sulphite is obtained as a 
white precipitate by adding barium chloride solution to a solution 
of sodium sulphite. 

Na,SO, +BaCl, =BaSO, +2NaCl 

Upon being heated, sodium sulphite forms sodium sulphide and 

sodium sulphate ( auto-oxidation reduction ) 
4Na,SO — 3Na,SO, +Na,S 

Sulphites are decomposed by dilute acids evolving sulphur dioxide. 
Na,SO;+2HCl=2NaCl+SO,+-H,O 

Uses of sulphites and bisulphites: Sulphites find employment in 
the laboratory and photographic darkroom. Sodium metabisulphite 
Na,S,0, is used in photography as a developer. Huge quantities 
of calcium bisulphite Ca(HSO,), are used in the sulphite process for 
manufacturing paper, Sulphites are used in electroplating and in 
the remoyal of oxygen from boiler water. The solutions of the 
Sulphites are employed in Separating the protein and carbohydrate 
Portion of the wheat and other grains. 


SULPHUR AND ITS COMPOUNDS A 199 


Sulphuric Acid, Oil of Vitriol, H SO, 


, Sulphuric acid was made in the fifteenth century by distilling green 
vitriol ( ferrous sulphate ) from which it derives its name “oil of vitriol” 
or “‘vitriolic acid". 

2(FeSO,, 7H,0)=Fe,0; +H,SO,+SO, +13H,O 

In 1740 Ward, a quack doctor of England manufactured sulphuric acid 
by burning a mixture of sulphur and nitre overa dish of water under a 
glass bell. This process is the basis for the development of lead chamber 
Process which is now largely used for the manufacture of ordinary 
sulphuric acid. The ‘contact process” for manufacturing fuming sul- 
phuric acid was developed at the end of the 19th century and was largely 
owing to the labours of Messeland Winkler, (1875) ; Knietsch and 
Krauss (1901). 


Free sulphuric acid is found in traces in mineral springs and rivers 
whose waters have been in contact with beds of pyrites. 


2FeS, +70, +2H,0=2FeSO;+2H,SO, arg d 
It is found in rain water of towns where coal is burnt, It is widely dis- 
tributed in nature in combination as sulphates. 


Laboratory preparation of sulphuric acid. In the laboratory 
preparation, sulphur dioxide is oxidised to sulphuric acid by the 
action of air, oxides of nitrogen NO and NO,, and water. Nitrogen 
dioxide reacts with sulphur dioxide forming sulphur trioxide which 
reacts with water yielding sulphuric acid. 

SO,--NO, —$0,--NO 

SO,+H,O=H,SO, 
Yielding part of its oxygen to sulphur dioxide, nitrogen dioxide 
is converted into nitric oxide which combines with oxygen of 
air to form nitrogen dioxide again. 

2NO+0,=2NO, 
Nitrogen dioxide then oxidises further quantity of sulphur dioxide. 
Nitric oxide, therefore, acts as oxygen carrier and is not used up 
in the production of sulphuric acid so that it may be regarded as 
a catalyst which accelerates the oxidation of sulphur dioxide to 
sulphur trioxide. 

Also there occurs a series of complicated reactions which are 
not definitely understood. By one of such reactions, nitrosylsulphuric 
acid is formed by the reaction between sulphur dioxide and oxides 
of nitrogen in the presence of air and water. 

280, +NO+NO,+H,0+0, =2S0,(OH)(NO») 
In presence of excess of water, nitrosylsulphuric acid decomposes 
to form sulphuric acid. 

2(SO,)(OH)(NO,)+ H50 2 2H580, -- NO--NO, : 
The oxides of nitrogen are regenerated and used over again. If 
too little water is present white crystals of nitrosylsulphuric acid 
called chamber crystals are deposited. But in practice chamber 
crystals are not permitted to be formed. 
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A large flask (A) is fitted with a cork through which pass four 
inlet tubes and a small outlet tube. Three of the inlet tubes come 
from wash-bottles containing concentrated sulphuric acid and the 
fourth from a flask in which water is boiled. The wash-bottle (C) 
is connected with a siphon of liquid sulphur dioxide and the other 
two (B) and (D) with gas holders containing nitric oxide and oxygen 
Tespectively. Oxygen, nitric oxide and sulphur dioxide and a small 
amount of steam are then passed into flask (A) when white 
crystals of nitrosylsulphuric acid are formed. More steam is then 


Fig. 9.6 


passed into the flask (A) by boiling water into the small flask (E) 
when white crystals react with the Steam liberating red oxides of 
nitrogen and forming fairly concentrated sulphuric acid which 
collect at the bottom of the flask. The complex reactions that take 
place can be represented as ] 

280, +NO+NO, +0, +H,0=2S0,(OH)(NO,) 

280, (OH)(NO,)+H,0=2H,SO,+NO+NO, 

Properties of sulphuric acid, (A) Physical properties ; Pure 100% 
sulphuric acid is a heavy colourless oily liquid which freezes at 
10'5"C into a solid crystalline mass. It is almost a non-conductor of 
electricity but its aqueous solution is a good conductor of electricity. 
When concentrated acid is dissolved in water, a large amount of 
heat is evolved. The concentrated Sulphuric acid which is used as 
a reagent contains about 95», H,SO, and has a Specific gravity 
of 1'84. The anhydrous acid on being heated loses sulphur trioxide 
formed as a result of the dissociation. 

H,SO, = H,0+S0, 
The liberation of sulphur trioxide continues. until a solution 
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containing 98:3 per cent sulphuric acid results. This solution 
called the constant boiling mixture of sulphuric acid and water 
boils at 338°C with: no further change in composition. 

(B) Chemical properties: (i) Thermal stability. If the vapour 
of sulphuric acid is passed through a red-hot silica tube or when 
sulphuric acid is dropped on heated pumice stone, it is decomposed 
into water vapour, sulphur dioxide and oxygen. 

2H,SO, =2H,0+2S80, +0, 

(ii Dehydrating action. Concentrated sulphuric acid has a 
great affinity for water. Much heat is evolved when the acid is 
added to water due to the formation of hydrates, The hydrates 
such as H,SO,, H.O ; H,SO,, 2H,O and H,80,, 4H,O can be 
isolated in the solid form from the solution at low temperatures. 
The hydrate H,SO,, HO melts at —38°C and H,SO,, 4H;O 
at — 27°C. 

Concentrated sulphuric acid attracts moisture strongly and hence 
is used for drying gases which do not react with the acid and in 
desiccators. It abstracts the elements of water from some organic 
compounds such as sugar, alcohol, formic acid, etc. 

Ci2H220;1 +11HS0,=12C+11H,50,, H20 
C,H,OH+H,SO, =C H, +H S0,, H20 
HCOOH+H,SO,=CO+H,SO,, H2O 
The dehydrating action of the acid is used to eliminate water in 
many chemical reactions, such as nitration in the manufacture of 
dyes and explosives. This property also accounts for its destructive 
effect on plant and animal tissues. 

(iii) Acid properties. Sulphuric acid shows the usual properties 
of a dibasic acid. It ionises in two stages and forms two series of 
salts : normal and acid salt, e.g., Na;SO, and NaHSO, 

H,SO,=H*+HSO,- 
HSO,-2H*-4$0,7 
It isa strong acid but in dilute solution it is weaker than HCl and 
HNO,. At high temperatures, sulphuric acid displaces HCl and 
HNO, from their salts. 
NaCl+H,.SO,=NaHSO,+HCl 
NaNO, +H,SO,=NaHSO, +HNO, 
Theoretically, these reactions are reversible but as HCl and HNO, 
are much more volatile than H,SO, they are driven off when the 
mixtures are warmed and the reactions proceed to the right. Some 
typical acid reactions of sulphuric acid are. 
NaOH+H,SO, 2 NaHSO, --H,O 
NaOH-+ NaHSO, =Na,SO,+H,O 
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H;8S0, +2NH, —(NH,),SO, 
A solution of Na,SO, in water is essentially neutral but a solution 


of NaHSO, is strongly acidic because of the appreciable ionisation 
of the HSO, - ion. 


(iv) Oxidising properties, In sulphuric acid, the sulphur atom 
exists in its highest positive oxidation state (+6). Consequently, it 
acts as a strong oxidising agent and fails to act as a reducing agent. 


(a) Metals which are more electropositive than hydrogen ‘are 
oxidised by cold dilute sulphuric acid due to the displacement of 
hydrogen. 


Fe+H,SO,=FeSO,+H, 
Zn+H,SO,=Zns0,+H, 
Metals below hydrogen in the electrochemical series such as copper, 
silver, lead and mercury are not attacked by cold dilute sulphuric 
acid. Concentrated sulphuric acid oxidises almost all the metals 
when heated ; in such reactions hydrogen is not evolved and the 


acid is usually reduced to sulphur dioxide but it may be reduced to 
free sulphur or to a sulphide. 


Cu+2H,SO, =CuSO,+S0,+2H,0 
Zn+2H,SO, = ZnSO, -- SO, --2H,O 


Due to the activity of zinc, the following reactions occur simultane- 
ously with the latter, 


3Zn--4H,$0, =3ZnSO,+S-+4H,0 
4Zn--5H,SO, «4ZnSO, -- H,S--4H,O 


(b) Non-metals are usvally oxidised by sulphuric acid to their 


oxides. Thus, hydrogen is Slowly oxidised to water by concentrated 
sulphuric acid. 


H;--H,SO, -2H504-SO, 
If concentrated sulphuric acid is heated with charcoal, the latter is 


oxidised to carbon dioxide while sulphuric acid is reduced to sulphur 
dioxide, 


2H,SO,+C=CO, +280, --2H,0 
Similarly, sulphur is oxidised to sulphur dioxide. 
S-2H,80, «380, -2H,0 


Hot concentrated sulphuric acid oxidises phosphorus to phosphoric 


and phosphorous acid while it is reduced to sulphur dioxide and 
sulphur. 


2P--3H;SO, e 2H, PO, 4-380, 
2P-3H,$0, =2H,PO,+8+2S0, 
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(c) Sulphuric acid oxidises the bromides and iodides. The hydro- 
bromic and hydriodic acid first formed are oxidised to bromine and 
iodine respectively. 

H,SO,-+-2HBr=Br,+S0,+2H,O 
H,SO,+2HI=2H,0+80, +1, 

(v) Concentrated sulphuric acid reacts with phosphorus penta- 

chloride forming chlorosulphonic acid and sulphuryl chloride. 
SO,(OH), -- PCI, = SO,(OH)CI 4-POCI, 4- HCI 
SO, (OH)CI-- PCI, =SO,Cl, + POCI, +HCl 

Uses of sulphuric acid. Sulphuric acid is one of the most impor- 
tant industrial chemicals. Its uses are numerous, Immense quantities 
of the acid are used in the production of fertiliser, e.g., ammonium 
sulphate and superphosphate of lime, Sulphuric acid is employed 
extensively in the refining of petroleum and in the removal of 
impurities from crude oil, gasoline, and kerosene. It is also 
employed in the manufacture of explosives, alums, phosphorus, 
dyestuffs, drugs and disinfectants. Large quantities of the acid are 
used in the manufacture of a great variety of chemicals such as 
textiles, plastics, coal-tar products, metal sulphates and other acids. 
It is used as an electrolyte in lead-storage batteries. It is employed 
in metallurgy and in the pickling of stecl. Oleum is used in the 
manufacture of edible products; for filling accumulators and in 
the oxidation and sulphonation reactions in organic chemistry. 


Molecular structure of H,SO,. The four oxygen atoms are 
arranged tetrahedrally about the central sulphur atom. 
ON papm 
Ni J m 
S 
YANS 
:0: :O—H 


Tests of sulphuric acid and sulphate. (i) If heated with copper 
turnings, sulphuric acid evolves sulphur dioxide which is recognised 
by its smell of burning sulphur and decolourisation of KMnO, 
solution. 

(ii) When BaCl, solution is added to a solution of sulphuric 
acid or a sulphate, white precipitate of brium sulphate insoluble in 
dil or conc. HCI is obtained. 

BaCl, +H.SO, =BaSO,+2HCI 

(ili) A small quantity of a sulphate is mixed with sodium carbo- 
nate and the mixture is heated on charcoal under the reducing. 
flame. Sulphate is reduced to sulphide. 

ZnSO, +4C=ZnS+4CO 
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The reduced mass is treated with dil. HCl when H,S is evolved 
which turns lead acetate paper black. 


Zn8 +2HCl=ZnCl, +H,S 
Pb(CH,COO), + H,S—PbS--2CH,COOH 


APPENDIX 


(1) Differences between oxygen and sulphur. Oxygen _and 
‘sulphur are first and second members in group VIA of the periodic 
classification. The Properties of oxygen and its compounds are in 
many respects different from those of sulphur and its compounds, 
The chief points of differences are given below. 


(ii) In oxygen, both metals and non-metals burn fiercely, 
Sulphur, on the other hand, is a combustible solid. 

(iii) In all compounds except F,O*, oxygen exhibits the oxida- 
tion number of —2 only but sulphur can exist in the oxidation 
states of —2, +4 and +6, Thus, in SF, and HSO, sulphur is 
positively hexavalent. Oxygen does not form any compound which 
is analogous to sulphites and sulphates, 


(iv) Compounds of oxygen are frequently associated whereas 
corresponding sulphur compourds are not. For example, water 
which is a liquid at ordinary temperature is associated, (H,O),, but 
hydrogen sulphide is a gas composed of simple molecules, H,S. 

(v) Sulphur forms compounds which are more acidic than the 
‘corresponding compounds of oxygen. Thus, water is neutral but 
hydrogen sulphide HS is a weak acid. 


(vi) Chlorides of oxygen are explosive, they react directly with 
Water to form acids. Chlorides of sulphur, on the other hand, are 
not explosive. They dissociate on being heated. They react with 
Water forming hydrochloric acid and sulphur. 


(2) Similarities between oxygen and sulphur, The following are 
the important similarities between the chemistry of oxygen and that 
‘of sulphur which justify their classification in the same group. 

(i Both the elements haye six valence electrons, ns?np^. 
Hence, by sharing two electrons with other atoms, they can form 
two covalent bonds. Thus, in water H,O and hydrogen sulphide, 
HS, both oxygen and sulphur form two covalent bonds. Again, 
both of them can accept two electrons, forming bivalent anions. For 


* In FiO, the oxidation number of oxygen is +2. 
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example, in Na$*O-- and Naj*S--, both oxygen and sulphur exist 
in di-electrovalent state. 


(ii) Oxides and sulphides of metals and non-metals exhibit great 

similarities in their properties and reactions ; thus 

Sb O, + 6HCI — 2SbCl, +3H,O 

Sb,$, +6HCl=2SbCl, +3H,S 

FeO--2HCI = FeCl, +H,O 

FeS+2HCl=FeCl,+H,S 
Similarly, carbon disulphide, CS, is very similar to carbon dioxide 
CO,. Thus, CS, reacts with sodium hydroxide forming sodiunr 
thiocarbonate Na,CS, which is analogous to sodium carbonate 
Na,CO, formed by the reaction between CO, and NaOH. Stannic 
sulphide, SnS, which is similar to stannic oxide, SnO, reacts with 
ammonium sulphide, (NH,),S, forming ammonium thiostannate, 
(NH,),SnS, which is similar to sodium stannate, Na,SnO, formed’ 
by the reaction between SnO, and Na,O. 


(iii) Both oxygen and sulphur occur in the free state in nature- 
Both of them exist in allotropic modifications. 

(3) To prove that sulphuric acid contains sulphur, oxygen and’ 
hydrogen. 

A flask fitted with a dropping funnel is half filled with pumice 
Stone. The flask is heated strongly and concentrated sulphuric. 
acid is allowed to fall drop by drop on the pumice stone when it 
decomposes into water, sulphur dioxide and oxygen. 

2H,SO, 22H40 280, 4-O; 
The mixture of gases are passed through a U-tube (i) cooled by 
cold water in which steam condenses to water, then through 
another U-tube (ii) cooled in a freezing mixture in which sulphur 
dioxide condenses to a liquid and finally oxygen is collected in à 
gas-jar by the displacement of water. 

The liquid in U-tube (i) turns anhydrous copper sulphate blue. 
Hence, it is water. Again, on treating this liquid with metallic 
sodium, hydrogen is evolved. 

The gas evolved on evaporation of the liquid in U-tube (ii) is 
passed through water and the solution is heated ina sealed tube to 
150°C when a deposit of free sulphur is obtained. It burns in air 
giving smell of burning sulphur and dissolves in CS,. 

The gas in the jar rekindles glowing chip of wood, produces 
brown fumes with nitric oxide and is absorbed by alkaline pyroga- 
Ilate solution. Hence, it is oxygen. 

Sulphuric acid, therefore, contains hydrogen, sulphur and 
oxygen. 
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(4) To prove that sulphur dioxide contains sulphur. Saturated 
solution of sulphur dioxide in water is heated at 150°C in a closed 
vessel when yellow precipitates are obtained. The precipitates are 
filtered and dried. It dissolves in carbon disulphide. It burns 
in oxygen to form a gas having smell of burning sulphur. The gas 
turns acidified potassium dichromate solution green, Hence, the 
yellow precipitate is sulphur and it has come from sulphur dioxide. 
Therefore, sulphur dioxide contains Sulphur. 


(5) To prove that hydrogen sulphide contains hydrogen and 
sulphur. Pure and dry hydrogen sulphide is collected in a gas-jar 
andis burnt in a limited Supply of oxygen. A yellow solid is 
deposited in the jar. The solid is soluble in carbon di-sulphide. 
It burns in oxygen to give a gas haying smell of burning sulphur ; 
the gas turns acidified potassium dichromate solution green. Hence, 
the yellow solid is sulphur and it has come from hydrogen sulphide. 
Hence, hydrogen sulphide contains sulphur, 


A few c.c. of pure and dry hydrogen sulphide is collected into a 
bent tube by the displacement of Mercury and a piece of tin is 
introduced into a horizontal portion of the tube. The piece of tin 
is heated from the outside when it reacts with hydrogen sulphide 
liberating a gas and a solid ( tin sulphide ). The gas is absorbed 
in heated palladium and burns in oxygen with a blue flame 
prodücing water. Hence, the gas is hydrogen. Hence, hydrogen 
sulphide contains hydrogen. 


EXERCISES 


l. Give the names and formulas of principal natural sources of 
sulphur. Describe the Frasch process of mining sulphur. 

2. Discussand describe the methods employed for the extraction of 
sulphur. Describe the different allotropic modifications of sulphur. Is 
the conversion from rhombic sulphur to monoclinic sulphur endothermic 
or exothermic? Explain, 


3. Which allotrope of sulphur is Stable at about 25°C? Describe the 


What is plastic Sulphur? How is it obtained ? 


4. Starting from sulphur, how would you prepare (a) sodium bi- 
sulphite (b) hydrogen. sulphide (c) sodium thlosulphatt ? d) ferrous 
sulphide (e) sulphur dioxide and (f) sodium sulphate? "Sulphur is in 
many respects chemically analogous to oxygen"— Discuss, 

5. How is hydrogen sulphide Prepared in the laboratory? How is the 
gas purified ? How would you show that (a) th i 
and sulphur (b) its molecular formula is Nr: ? es bias ES 


| 6. Discuss the chemical properti i 
SIE ani eens oN Properties of gaseous hydrogen sulphide and 


7. (a) How is pure hydrogen sulphide obtained in the laboratory ? 
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(b) Explain why nitric acid cannot be used for preparing hydrogen 
sulphide. How would you show that the gas is (i) areductant and (ii) a 
weak dibasic acid ? 


Write equations for the burning of hydrogen sulphide in (i) a limited 
supply of oxygen and (ii) excess of oxygen. 


8. How would you prepare sulphur dioxide in the laboratory? How 


would you prove that the molecular formula of sulphur dioxide is SO, and 
not $,0,, ? 


What is the action of SO, on H,S? Which one is the oxidant in the 
reaction ? 


What reactions can occur between sulphur dioxide and (i) nitric acid 
(ii) iodic acid (iii) phosphorus pentachloride (iv) potassium permanganate 
(v) lead dioxide (vi) sodium carbonate and (vii) milk of lime ? 


9. Describe the industrial preparation of sulphur dioxide. How is it 
converted into sulphur trioxide for the manufacture of sulphuric acid by 
contact process ? 


How would you convert sulphur dioxide into (i) S (ii SOCI, and 
(ii) SO,CI,. 
10. How is sulphur converted into sulphuric acid ? What is oleum ? 


11. Discuss the chemical properties of sulphuric acid? How would 
you prove that it contains sulphur, hydrogen and oxygen? What is 
(a) fuming sulphuric acid, (b) plastic sulphur and (c) oil of vitriol ? 


12. Prove experimentally that sulphuric acid is (i) an acid (ii) a 
dehydrating agent (iii) an oxidant. Describe the reaction between 
sulphuric acid and (i) sulphur (ii) copper (iii) charcoal and (iv) lead. 
State tbe uses of sulphuric acid. 


13. Given an aqueous solution known to contain either sulphate or 
sulphide ion, how would you proceed to find out which is present ? 
14. What happens when 
(a) copper turnings are heated with strong sulphuric acid. 


(b) thegaseous product formed by burning iron pyrite is passed 
into the solution of sodium hydroxide. 


(c) phosphorus  pentachloride is treated with concentrated 
sulphuric acid. 


(d) hydrogen sulphide is passed through acidified solution of copper 
sulphate. 


(e) a mixture of sulphur dioxide and oxygen is passed over heated 
platinum gauze. 


(f) sulphur is heated with concentrated nitric acid. 
(g) potassium carbonate is fused with sulphur. 

(h) conc. H,SOZ is heated with charcoal. 

(i) sulphur is heated with conc. H;SO%. 

(j) phosphorus is heated with conc. H,SO,. 

(k) sodium iodide is heated with conc. H,SO,. 


15. Explain the following:statements : ) 

(a) Sulphur dioxide acts both as an oxidising and a reducing agent 
while sulphur trioxide acts only as an oxidising agent. 

(b) Sulphurous acid behaves both as oxidising agent and reducing 
agent while sulphuric acid acts only as oxidising agent. 

(c) Sulphurous acid undergoes auto oxidation-reduction while sulphuric 
acid fails to exhibit this phenomenon. 
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(d) An oxygen atom can readily be attached to sulphur dioxide 
molecule. 

(e) Sulphuryl choloride (SO,CI,) is formed by the action of anhydrous 
sulphur dioxide on anhydrous chlorine while HCl and H,SO, are 
formed when aqueous solution of SO, react with chlorine. 


(f) In volcanic region, sulphur deposits are usually found. 


16. A solid compound of iron (X) is treated with dil. H,SO, when a 
bad smelling gas (Y) is evolved. The gas when passed through alkaline 
solution of zinc chloride gives a white precipitate iZ). The precipitate (Z) 
on treatement with dil. HCl gives a gas which turns lead acetate: paper 
black. Identify the compounds (X), (Y) and (Z). 


[Ans. X > Fes, Y > H,S and Z > ZnS] 


17. A solid compound of sodium (A) when heated with powdered 
charcoal yields another solid (B) and a gas(C). The gas (C) burns in oxygen 
forming another gas (D) which turns lime-water milky. The residue (B) 
dissolves in water giving an alkaline solution which forms purple coloura- 
tion with sodium nitroprusside solution. Identify the compounds (A), (B), 
(C) and (D). (Ans. A —> Na,SO,, B > Na;S, C > CO and D> co, ] 


CHAPTER X 
THE HALOGEN FAMILY 


Ato- | Distribution of extranuclear electrons in 


f i tral at f the elements 
Elements Pm Atomic Iu Arama AO Se ee 
weight ber | K L M N O 
1s | 2s 2p 3s 3p 3d_| 4s 4p 4d 4f | 5s 5p 


Fluorine | F 19°00 9 | 1s] 2s? 2p* 

Chlorine} Cl 35:457] 17 | 1s?| 2s? 2p*| 3s? 3p* 

Bromine| Br 79°916} 35 | 1s] 2s? 2p*| 3s?3p* 3d! 4s? 4p* 
Iodine I 126791 53 | fs*| 2s? 2p3| 3s*3p°3d2° 4s*4p*4d!9 |553 5p5 


General features of the halogens. The elements, fluorine, 
chlorine, bromine, iodine and astatine constitute the group VIIA of 
the periodic table. These elements are known as the halogens 
(Greek. halos: the sea-salt producer) because they react readily 
with the lighter metals forming typical salts such as NaCl, 

The atoms of the halogens have seven electrons in their outer- 
most shell. Being one electron short of an octet, the halogen atoms 
gain one electron very readily, passing into negative univalent ions 
called halide ions ; thus 

X+e—>X and X,--2e—2X where X=F, Cl, Br, and I. 

Hence, the negative valency of the halogen is 1. The electronic 
configurations of the halide ions correspond to that of noble gases, 
The halogen atoms can also attain the octet by sharing an electron 
pair with the atoms whose valence electrons are too firmly bound 
to permit transference to occur. In the gaseous state, the halogens 
exist as diatomic molecule ; a covalent bond joins the two halogen 
atoms : 


AXE eS Sos 1X. (X—X or X,) 


The halogen molecules do not undergo thermal dissociation but 
they take part readily in chemical combination with other elements, 
The order of activity is fluorine, chlorine, bromine and iodine ; 
fluorine is the most reactive and displays an unparallel readiness to 
enter into chemical combination with-other elements. Halogens 

. form compounds with hydrogen known asthe hydrides of halogens 
Whose aqueous solutions are acids ; but in the gascous state they are 
covalent compounds. They also react with other non-metals such 


I.Ch.—14 
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as oxygen, sulphur,phosphorus, nitrogen, silicon and carbon, forming 
covalent compounds. Fluorine brings about the highest covalency 
of an element with which it forms compounds but the covalency of 
fluorine never exceeds 1. For example, the maximum covalency 
of sulphur, arsenic and iodine is found in their compounds, SF,, 
AsF, and I F, respectively but in these compounds fluorine exhibits 
the covalency of 1. 

As can be seen from their electronic structure, the maximum 
possible positive valency of the halogens is seven. However, only 
chlorine, bromine and iodine are capable of forming compounds in 
which they exist in variety of positive states of oxidation. Iodine has 
the greatest tendency among the halogens towards the existence in 
the positive oxidation state. 


Because of the fact that halogen atoms can readily accept an 
electron from metallic elements, they are regarded as typical non- 
metals. Fluorine is the most electronegative of all the elements and 
hence it is most non-metallic in its behaviour. With increase in 
atomic number from fluorine to iodine, the halogens remain 
predominantly non-metallic elements, but nevertheless show a 
progressive trend towards metallic character. Thus, there are a few 

` compounds of bromine in which it exists as Br* ion whereas iodine 
forms compounds such as I(PO,), 1,(SO,),, I(NO,),. etc., in which 
the iodine atom is playing, beyond doubt, the role of a cation. Again 
the fluoride ion F^ is the most stable while the iodide ion I~ is the 
least stable ; electron once accepted by fluorine atom is most difficult 
to remove while an electron can easily be removed from an iodine 
atom. Fluorine atom is the strongest known oxidising agent because 
it has the greatest ability to remove electrons from other atoms. 
Hence, greatest difficulty is encountered in oxidising the fluoride ion 
while iodide ion can easily be oxidised. In fact, iodides are better 
reducing agents than other halides. Since the attraction for electron 
is strongest in fluorine and weakest in iodine ; fluorine will, there- 
fore, expel chlorine from combination with a metal, chlorine will 
expel bromine and bromine will expel iodine : 


2KCl+F,=2KF+Cl, or 2Cl-4+F,<2F~+Cl, 
2KBr+Cly=2KCI+Br, or 2Br^4-Cl, - 2CI --Br, 


Fluorine, F 


Since the element is extremely reactive, it do i 

€ e z es not occur free in 

natane GIL poengs in the combined state in minerals such as fluorspar or 
Hus Ate Cal se uorapatite, CaF,, 3Ca,(PO,), cryolite NasAIF,. In small 
ch d it is present in bones, in the enamel of teeth and in sea 
ater. Faint traces of fluoride ion should be present in the drinking 


ee Sate Otherwise their teeth will not be properly resistant 
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History of isolation of fluorine. Scheele in 1771 prepared 
hydrofluoric acid by heating fluorspar with sulphuric acid and 
named it thefluoric acid. He found that the fluoric acid has 
the property of attacking glass. In 1813, Davy established that 
hydrofluoric acid is analogous to hydrochloric acid and is a 
compound of hydrogen and an unknown element similar to chlorine, 
The unknown element was named ‘fluorine’? by analogy with 
chlorine. Davy attempted to isolate fluorine by the electrolysis of 
aqueous solution of hydrogen fluoride but his attempt failed. He 
obtained hydrogen and oxygen instead of hydrogen and the new 
element as the products of electrolysis. Similar attempts made 
by Gore, Fremy and others for isolating the element were also 
unsuccessful. The reasons for their failure are as follows : 

(i) When an aqueous solution of hydrofluoric acid is electro- 
lysed, oxygen is liberated at the anode and hydrogen at the cathode 
because fluorine reacts with water immediately after its liberation 
from HF. 

2H,0 4-2F, - 4HF +0, 
As a result, water alone is decomposed. 

(ii) The anhydrous hydrofluoric acid does not conduct electricit 
and it cannot, therefore, be eleotrolysed. 7 

(ii) Chemically, fluorine is extremely reactive; it attacked 
all the materials of the apparatus in which it was tried to be 
isolated and no vessels seemed to be capable of resisting its chemical 
action. 

(iv) Both fluorine and hydrofluoric acid are extremely poisonous, 
The problem was finally solyed by Moissan who found that when 
potassium fluoride KF is dissolved in the liquid hydrogen fluoride, 
the solution conducts electric current. He isolated fluorine in 1886 . 
by the electrolysis of this solution in a U-tube made of platinum- 
iridium alloy and fitted with electrodes of the same alloy. 

Preparation of fiuorine. (i) Moissan's method. In this method, 
a solution of potassium fluoride in liquid hydrogen fluoride 
is electrolysed ; hydrogen is evolved at the cathode, and fluorine 


at the anode : 
KF+HF=KHF, " 
2KHF,=2HF+2KF ; 2KF=2K*++2F 
Atanode: 2F-—2e=F, 3 
At cathode: 2K*--2e—2K ; 2HF+2K=H,+2KF 
Thus, potassium is first liberated at the cathode; this reacts 
with hydrogen fluoride reforming potassium fluoride and liberating 
hydrogen, 
The apparatus in which the electrolysis is conducted consists of 
a U-tube made of platinum-iridium alloy. The U-tube is provided 
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with two side tubes and fitted with fluorspar stoppers through which 
thé electrodes made of the same alloy and thickened at the ends are 
inserted, the joints being made tight with lead washers and shellac. 
The solution of potassium fluoride in liquid hydrogen fluoride is 


—> To source of methyl chloride 


=H, YA LZ m nt 


Methyl chloride 


Fig. 10.1 


. taken in the U-tube and the whole apparatus is cooled by immersing 
itin a bath of boiling methyl chloride (b.pt.,—23*C). Electric 
current is now passed through the solution when hydrogen is 
liberated at the cathode and fluorine at the anode. 


Fluorine thus obtained is mixed with hydrofluoric acid vapour. 
In order to purify it, the gas is first passed through a platinum or 
copper spiral cooled in methyl chloride when most of hydrofluoric 
acid vapour condenses in the spiral and then through a tube of the 
same metal packed with fused sodium fluoride. Last traces of 
hydrofluoric acid vapours are absorbed by sodium fluoride forming 
sodium hydrogen fluoride. 


NaF+HF=NaHF, 


Fluorine is then collected in a platinum jar by the upward 
displacement of air. 


(ii) Modern method. Modern method of preparation of fiuorine 
is based on the electrolysis of fused potassium hydrogen fluoride. 
The apparatus used is shown in fig. 10.2. 


It consists of a V-shaped copper vessel fitted with two side tubes 
for the escape of gases liberated at the electrodes. The ends of the 
vessel are closed by copper caps into which the graphite electrodes 
are fixed with bakelite cement. The vessel is filled with very pure 
and perfectly dry potassium hydrogen fluoride which is melted by 
Passingjan electric current through resistance wires wound around the 
copper vessel. Electric current is then passed through the molten 
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electrolyte by means of graphite electrodes when hydrogen is evolved 
at the cathode and fluorine at the anode. The fluorine evolved is 
freed from the vapours of hydrogen fluoride by passing it through a 
copper U-tube packed with dry potassium fluoride which combines 


Resistance wire 
for heating 


Fig. 10.2 


with hydrogen fluoride to form potassium hydrogen fluoride KHF,. 
Fluorine is then collected in the platinum vessel by the upward 
displacement of air. 


The copper vessel is initially attacked by fluorine forming a layer 
of copper fluoride which protects the vessel from further attack, 


Properties of fluorine. (A) Physical properties: Fluorine is 
a pale greenish yellow gas with a pungent odour. It condenses to a 
yellowish liquid at— 188°C and solidifies at—218°C. It is poisonous 
and has little action on glass. Free fluorine consists of diatomic 
molecules, 

(B) Chemical properties: Chemically, fluorine is the most 
active of the elements. The extreme chemical activity of fluorine is 
due to its strong attraction for an electron necessary to fill up its: 
outershell. , 


F-re-F- 4-82 kcal, 


(i) Reaction with non-metals. Fluorine reacts directly with 

“all the non-metals except nitrogen, oxygen and inert gases. By indirect 

methods, its binary compounds with nitrogen and oxygen can be pre- 

pared. It combines with hydrogen with explosion even in the dark 
and at low temperatures forming hydrogen fluoride. 


H, +F, -2HF 4-128 kcal. 
Sulphur, phosphorus, silicon, boron, carbon, bromine and iodine 
all ignite in the gaseous fluorine and burn with the formation of 


fluorides.’ The fluorides of non-metals are usually volatile and their 
formation does not protect the surface of the non-metals from the 
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further action of fluorine. Hence, the reactions of non-metals with 
fluorine are often more vigorous than with many metals. 
S--3F, —SF, ; P,+10F,=4PF; 
C+2F,=CF,; 2B+3F,=2BF, 

(ii) Reactions with metals, Fluorine reacts directly with nearly 
all metals. Some metals such as sodium, potassium, etc., take fire 
Spontaneously in the gas. Some other metals such as magnesium, 
aluminium, nickeland silver react with fluorine when warmed, Metals 
like platinum, and gold react with fluorine when heated to about 
300°C. However, the reaction is often limited to the formation of a 
surface layer ofa fluorine compound which protects the metal from 
further attack, For this reason, finely divided metals react with 
fluorine more vigorously. 

(iii) Reaction with compounds. Fluorine is the most powerful 
of the molecular oxidising agents. It reacts with water with the 
evolution of ozonised oxygen. 

2F,+2H,0=0,+4HF ; 3F,+3H,0=0,+6HF 

Fluorine when passed into aqueous solution of potassium chlorate 
KCIO,, oxidises it to potassium perchlorate, KCIO,. Hydrogen of 
many compounds is removed by fluorine to from hydrogen fluoride. 

. Fluorine displaces other halogens from their compounds, thus it 
liberates chlorine from sodium chloride and carbon tetrachloride. 
2NaCI-- F , 2 2NaF4- Cl, 

Fluorine reacts with dilute alkalis liberating fluorine monoxide 
but with concentrated alkalis, oxygen is evolved : 

2NaOH +2F, =2NaF+H,0+F,0 
4NaOH +2F,=4NaF+0,+2H.,0 

Organic substances such as alcohol, ether and turpentine take fire 
spontaneously in the gas. 

Uses of fluorine. (a) Fluorine is used as an oxidising agent in 
some liquid rocket propellants. Some liquid propellant mixtures 
are (i) liquid hydrogen and fluorine, (ii) hydrazine, N,H, and 
fluorine and (iii) ammonia NH, and fluorine. i 

(b) Fluorine is largely used for the fluorination of organic 
compounds, ie. the substitution of fluorine for hydrogen. The 
fluoro-organic derivatives possess valuable properties. 

(c) “Freon” CF,Cl, a fluorine compound is a refrigerant. It is 
used in household refrigerators in place of ammonia or sulphur 
dioxide. Teflon, a polymeric fluorine compound, is used as an 
electric insulator. 

(d) Large amount of fluorine is used for the conversion of uranium 
into uranium hexafluoride which is the only volatile compound of 
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uranium. Uranium hexafluoride is used in the separation of the 
isotopes of uranium by the gaseous diffusion method. 


Chlorine, CI. 


Chlorine was discovered by swedish chemist, K. W. Scheele, in 1774. He 
prepared the gas by the action of manganese dioxide on hydrochloric acid 
which was then known as muriatic acid. It was first belived to be an oxide 
of the acid and was, therefore, called the oxymuriatic acid, This view was 
disproved in 1810 by Davy who demonstrated conclusively the elementary 
nature of the gas and called it chlorine on account of its colour. 

Chlorine, on account of its strong chemical activity, does not occur free 
in nature, but is found in combination commonly with metals. The most 
important among the naturally occurring metallic chlorides is sodium 
chloride or common salt which occurs in sea, in salt beds and in salt wells. 
The potassium chloride and magnesium chloride are found as the mineral 
carnallite ( KCl, MgCl, 6H,O ) in the salt deposits of Stassfurt, Germany. 
Silver chloride AgCl is found as the mineral horn silver. Calcium chloride 
is found in nature as the mineral chlorapatite, 3Cas (PO,),, CaCl,. 


Preparation, (i) Laboratory preparation, Chlorine is usually 
prepared in the laboratory by the oxidation of hydrochloric acid. 
The oxidising agent which is most commonly used is manganese 
dioxide, MnO,. Potassium permanganate, KMnO, bleaching powder 
Ca(OCI)Cl, or lead dioxide, PbO,, may also be used as oxidant, 
The reaction between hydrochloric acid and manganese dioxide is ' 
represented by the equation : 


MnO;--4HCI- MnCl, 4-Cl, -2H,0 


MnO, --HCI 


Conc H;S0, 


Fig. 10.3 


The reaction takes place in two stages: at low temperatures, 
manganese trichloride, MnCl,, is first formed as a dark brown 
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solution, which decomposes on warming with the evolution of 
chlorine. 

2MnO, - SHCI —2MnCI, 4- Cl; --4H,O 

2MnCl, —2MnCI, 4-Cl, 


Manganese dioxide is placed in a flask fitted with a thistle funnel 
and a delivery tube. Conc. hydrochloric acid is added through the 
thistle funnel in sufficient quantity so that it covers manganese dioxide 
and the end of the funnel dips into the acid. The mixture is then 
heated. Chlorine evolved is passed through a little water to remove 
hydrogen chloride and then through conc. H,SO, to remove 
moisture. The dried gas is collected in gas jars by the upward dis- 
placement of air since chlorine is more dense than air it will settle 
at the bottom of the jar displacing the air upward. The gas cannot 
be collected by the displacement of cold water in which it is soluble 
or over mercury with which it reacts. It can, however, be collected 
over hot water or brine in which it is much less soluble. 


Hydrochloric acid used in the above preparation may be obtained 
by heating a mixture of sodium chloride, and concentrated sulphuric 
acid. Hence, a mixture of sodium chloride, manganese dioxide and 
concentrated sulphuric acid may be used instead of hydrochloric acid 
and manganese dioxide. 

2NaCl+ 3H,SO, --MnO, =2NaHSO, + MnSO,+2H,0+Cl, 

(ii) Preparation of chlorine at ordinary temperature. Chlorine 
can be prepared by oxidising hydrochloric acid with potassium 
permanganate. The method is convenient since no external heat is 

required.and an easily regulated supply of chlorine can be obtained. 


2KMnO, + 16HCI —- 2KCI--2MnCI, +8H,0+5Cl, 


Crystals of potassium permanganate are placed in a flask fitted 
with a dropping funnel and a delivery tube. Concentrated hydro- 
chloric acid is then added drop by drop on the crystals through the 
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dropping funnel. The reaction takes place in the cold ; chlorine 
evolved is passed through water to remove hydrogen chloride vapour 
and then through conc. H5SO, to remove moisture. 

The gas is collected by the upward displacement of air. By 
regulating the rate of flow of hydrochloric acid, the evolution of 
chlorine can be regulated. 

(iii) Chlorine can be obtained by dropping cold concentrated 
hydrochloric acid on bleaching powder. 

Ca(OCI)CI 4-2HCI — CaCl, 4- Cl; 4- H,O 

(iv) * Chlorine is also evolved when concentrated hydrochloric 

acid is heated with potassium dichromate. : 
K,Cr,0,+ 14HCl =2KCl+2CrCl, +7H,O+3Cl, 

(v) Chlorine may also be obtained by heating hydrochloric acid 

with red lead or lead dioxide. 1 
Pb,O, -- 8HCI— 3PbCI, 4-4H,O 4- Cl; 
PbO, --4HCI = PbCI; +2H,0+Cly 

(vi) Chlorine can be prepared by passing a mixture of HCl and 
O, through a tube heated to 400°C and containing cupric chloride 
CuCl, as a catalyst, distributed over pieces of pumice. 

4HCl+0,=2Cl,+2H,O0 

(vii) Chlorine can be prepared by decomposing the chlorides of 
gold, platinum and copper by heat. 

PtCl,=PtCl,+Cl, ; AuCl,=AuCl+Cl, 
PtCl, =Pt+Cl, ; 2AuCl =2Au+Cl, 
2CuCl, = 2CuCl+Cly 

(viii) Pure chlorine is prepared by the electrolysis of fused silver 
chloride with carbon electrodes. 

2AgCl=2Ag+Cl, 

Properties, (A) Physical properties: Chlorine is a greenish 
yellow gas consisting of diatomic molecules. It has a pungent odour 
and is very poisonous and causes inflammation of respiratory tract. 
It is two and half times as heavy as air and so is the densest of the 
common elementary gases. The gas is fairly soluble in water ; one 
volume of water dissolves about two volumes of chlorine. The 
resulting solution is often called “chlorine water”. It can be easily 
condensed to a dark greenish yellow liquid which boils at —34'C and 
freezes at — 101°C. 

(B) Chemical properties : Chlorine is a very reactive gas, but 
less reactive than fluorine. It reacts with most elements at room 
temperature or on gentle heating forming binary compounds called 
chlorides. In such compounds, the oxidation number of chlorine 
atom is usually — 14 j 
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(i) Reaction with metals. Chlorine combines directly with all 
metals to form metallic chlorides. However, the presence of moisture 
and/or the application of heat are often needed for the reaction to 
take place. Thus, sodium, copper, zinc, and iron react spontaneously 
with the moist chlorine but do not react with the dry gas at ordinary 
temperature. 


2Na+Cl,=2NaCl; Zn+Cl,=ZnCl, 
Cu+Cl, =CuCl, ; 2Fe+3Cl,=2FeCl, 


Some finely powdered metals such as arsenic and antimony ignite 
spontaneously in the dry gas. When powdered antimony or arsenic 
are sprinkled into a jar of chlorine, they immediately ignite, and 
produce a shower of sparks. 

2Sb+5Cl,=2SbCl1, ; 2As+-3Cl, =2AsCl, 


The noble metals such as platinum and gold are attacked by chlo- 
rine when heated. The metal chlorides are ionic compounds. 

2Au+3Cl, =2AuCl, 

(ii) Reaction with non-metals. Chlorine combines directly with 
all of the non-metals except fluorine, oxygen, nitrogen, carbon and 
the inert gases. The chlorine compounds of carbon, oxygen or 
nitrogen can, however, be prepared by indirect methods. The chlorine 
compounds of non-metals are covalent. 

(a) Reaction with hydrogen. Chlorine has a powerful affinity 
for hydrogen. The mixture of hydrogen and chlorine when exposed 
to diffused daylight combines slowly, but explodes violently in the 
direct sunlight. The combination is highly exothermic. 

H, 4-Cl; 2 2HCI4-44 kcal. 

Hydrogen and chlorine combine rapidly and smoothly in presence 
of activated charcoal. This fact is utilised in the commercial pro- 
duction of hydrogen chloride. The following experiments illustrate 
the strong affinity of chlorine for hydrogen : 

(i) A jet of hydrogen burning in air continues to burn with 
greenish flame when thrust intoa jar of chlorine, with the production 
of hydrogen chloride. 

(i) A little turpentine CoH; , is heated in a test tube and then 
poured on a filter paper. The filter paper is then introduced into a 
jat of chlorine. The paper ignites spontaneously and continues to 
burn giving black clouds of carbon. A lighted candle also burns in 
chlorine with the liberation of carbon in the form of soots. Thus, 
chlorine combines only with hydrogen and not with carbon which is 
liberated in the form of black cloud. 


C, 9H; ,+8Cl, 2 16HCI -- 10C 
(b) Chlorine combines directly with sulphur, phosphorus and 
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boron forming their chlorides. When a piece of white phosphorus 
is inserted into a jar of chlorine, it ignites spontaneously. 


284-Cl; 2 S,Cl, ; 2B+3Cl,=2BCl, ; P+ 6Cl,=4PCl; 


(iii) Reaction with compounds. (a) Reaction with water. 
When chlorine is dissolved in water, hypochlorous acid and 
hydrochloric acid are formed through the interaction of chlorine 
and water. 


Cl, +H,O=HOCI+HCI 


If water saturated with chlorine gas is cooled to 0°C, yellow 
crystals of chlorine hydrate having the formula Cl,, 8H,O separate 
out. When warmed, chlorine 
hydrate evolves about 100 times 
its volume of chlorine. This fact 
was utilised by Faraday in 1823 
for the liquefaction of chlorine. 
Chlorine hydrate was taken in 
one limb of a bent tube (fig. 10.5) 
and the other limb was cooled 
by a freezing mixture. When the 
hydrate is warmed, chlorine is 
set free and condenses as a liquid 
in the cold limb. The gas pressure Fig. 105 
created by the vaporisation of 1 
the crystals is sufficient to liquefy chlorine at the temperature of the 
freezing mixture, 

If chlorine water is exposed to sunlight, the solution evolves: 
oxygen. This is due to the decomposition of hypochlorous acid by 
light into hydrochloric acid and oxygen and to the reaction of 
activated chlorine with water. 

2HOCI 2 2HCI--O, ; 2Cl,--2H,0 — 4HCI--05 


When steam and chlorine are passed through a heated tube,, 
chlorine combines with hydrogen of steam forming hydrochloric acid. 
liberating oxygen. 

2H,0+2Cl, =4HCI+0, La 

(b) Reaction with alkali. Chlorine reacts with cold, "dilute. 
solution of potassium, sodium or calcium hydroxide to give a 
mixture of chloride and hypochlorite of the metal. 


Cl, -+H,O =HCl+ HOCI 
HCl+NaOH=NaCl+H,0 
HOCI+NaOH =NaOCl+H,O 


Cl, + 2NaOH = NaCl+ NaOCI+ H,O 


Ice, salt & water 
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With"excess of chlorine, a chloride and a chlorate are formed due 
to the decomposition of hypochlorite. Chlorine reacts with hot 
and concentrated alkali to yield a chloride and a chlorate. Hypo- 
chlorite which is first formed at the intermediate stage decomposes 
into-chlorate and chloride ; thus 

3Cl, + 6NaOH = 3NaCl+ 3NaOCI4- 3H,O 


3NaOCI — NaClO, --2NaCIl 


3Cl, +6NaOH =NaClO, 4- 5NaCl+3H,O 

Similarly, chlorine reacts with cold and dilute lime-water to 
form calcium chloride and calcium hypochlorite. It reacts with hot 
lime-water to form calcium chloride and calcium chlorate : 

2Ca(OH), +2Cl, = CaCl, +-Ca(OCl), +2H,O 
6Cl, + 6Ca(OH), =5CaCl, +Ca(ClO,),-+6H,O 

When chlorine is passed over dry slaked lime, bleaching powder 
is formed. 

Ca(OH), +Cl, 2 Ca(OCDCI -- H,O 

Chlorine reacts with calcium oxide at red heat forming calcium 
chloride and oxygen : 

2Ca0+2Cl, =2CaCl, +0, 

(c) Oxidising property of chlorine, Chlorine is a strong 
‘oxidising agent because it is a powerful acceptor of clectron. It 
oxidises sulphuretted hydrogen to sulphur, and liberates iodine from 
hydriodic acid. It readily displaces bromine and iodine from their 
‘compounds with metals. 

H,S+Cl, =2HCI+S ; 2HI+Cl, - 2HCI-T, 
2KBr-- Cl, =2KC1+Br, ; 2KI+Cl, =2KCI+I, 

It oxidises stannous salt to stannic salt and ferrous salt to ferric 
‘salt, 

SnCl, +Cl, =SnCl, ; 2FeCl,+Cl, = 2FeCl, 

Chlorine reacts with ammonia forming nitrogen trichloride. 

NH; +3Cl, = NCI; 4- 3HCI. 

But with Yexcess of ammonia, chlorine forms nitrogen and 

ammonium chloride. 
3Cl, +8NH, — N,--6NH,CI 
Chlorine reacts with methane forming carbon tetrachloride and 
hydrochloric acid : 
CH, +4Cl, — 4HCI4- CCI, 
, In presence of water, chlorine oxidises sulphurous acid to sulphu- 
tic acid. In-this type of reaction, chlorine first reacts with water 
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producing nascent oxygen which then adds to the reducing agent, thus. 
H,0O+Cl, =2HCI+0 
H,SO,+O=H,SO0, 


H,O+Cl,+H,SO; =2HCI+H,SO, 


(d) Chlorine combines directly with many unsaturated com— 

pounds yielding addition compounds ; thus 
CO 4- CI, = COCI, (phosgene) 
CH, 4-Cl, 2 C;H,CIl, (ethylene dichloride) 

(e) Bleaching property of chlorine. Chlorine bleaches many 
organic colouring matters in presence of moisture. If a few 
coloured flower petals or a piece of coloured litmus paper ora piece 
of cloth dyed with indigo is introduced into a jar of moist chlorine, 
then the colours are found to be bleached. Bleaching action is due 
to the nascent oxygen produced by the reaction of chlorine with 
water, which oxidises colouring substances to colourless compounds.. 

Cl, +H,O0=2HCI+0 

Hence, chlorine bleaches by oxididation. Dry chlorine for this 
reason cannot bleach. Chlorine cannot decolorise printer’s ink 
because it contains carbon which is not acted upon by chlorine. 
Again, printer’s ink remains unaffected by nascent oxygen. 

Wet litmus paper when exposed to chlorine gas, first turns 
red and then becomes colourless. This is due to the fact that 
hypochlorous acid and hydrochloric acid which is first formed by 
the action of chlorine on water turns blue litmus red. Nascent 
oxygen which is subsequently formed by the decomposition of 
hypochlorous acid then decolourise the litmus by oxidation. 

Uses of chlorine. (i) Large quantities of chlorine are used as 
bleaching agent in the manufacture of paper pulp and in the textile 
industry. Chlorine is too destructive to be used on fibres of animal 
origin such as wool, feather and silk. Chlorine is used in bleaching 
cellulose fabrics (linen and cotton) which are not damaged by it. 

(ii) Chlorine is extensively used for the sterilisation of drinking 
water and water in swimming pools. 

(iii) Chlorine is employed in the manufacture of dyes, drugs 
synthetic rubber, DDT (dichloro diphenyl trichloroethane) and non- 
inflammable solvents such as trichloroethylene. It is also used in 
the manufacture of bleaching powder, hydrochloric acid and 
important chlorides of silicon, carbon, sulphur phosphorus, arsenic, 
aluminium, tin and antimony. 


(iv) It is used in the preparation of important drugs and 
explosives. It is used as a poison gas and for making the explosives. 
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"such as phosgene, COCl,, a lung irritant, mustard gas, and 
dichlorodiethyl sulphide which causes skin burns and blisters. 
Some organic phosphates containing a halogen atom are extremely 
toxic and inhibit the mechanism of nerve transmission. 


(v) Chlorine finds employment in the extraction of gold and in 
degassing molten aluminium before casting. 

Detection of chlorine, Chlorine is detected readily by its 
property of liberating iodine from potassium iodide. Free iodine 
gives blue colour with starch. Hence, when a piece of filter paper 
is dipped into a mixture of starch solution and potassium iodide and 
is then held over the gas, it gives blue colouration, 


Bromine, Br 


Bromine was discovered by A.J. Balard who prepared it in 1826 by 
whlorinating and then distilling the mother liquors of sea-water. The 
name “bromine” ( from the greek bromos, stench) was applied by Balard 
because of its choking and unpleasant odour. 


Bromine does not occur free in nature. In the combined state, small 
quantities of bromine occur in many silver ores. The principal sources of 
bromine are the waters of certain salt-water lake, and sea-water (0 007% Br 
‘on the average). Some quantities of bromine also occur as slight impurities 
in natural deposits of potassium salts and in oil-well brines. The content 
of bromine in the earth's crust is 3x 10-°%. 


Preparation. (i) Bromine can be prepared by displacement 
from its salts by chlorine : 
MgBr,+Cl, = Mg Cl, +Br, 


When chlorine is passed through a solution of potassium 
bromide, bromine is evolved. à 

2KBr+Cl, =2KC1+Br, 

(ii) Laboratory pre- 
paration. In the labora- 
tory, bromine is prepared 
by heating a mixture of 
potassium bromide, man- 
ganese dioxide and con- 
centrated sulphuric acid. 


2KBr+ MnO, +3H,SO, 
=Br.+2KHSO, 
+MnSO,+2H,O 

A mixture of potassium 
bromide, manganese 
dioxide and concentrated 


sulphuric acid is taken in a stoppered glass retort, the end of which 
is introduced into a small flask immersed in cold water. The 


Fig. 10,6 
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retort is then carefully heated when bromine is liberated and distils 
over and condenses as dark brown liquid in the flask. 


Manufacture of Bromine. The principal sources for the industrial 
production of bromine are (i) carnallite, KCl, MgCl, 6H,O 
which contains about 0:3 per cent of bromine as magnesium 
bromide and (ii) sea-water which contains about 0'007% of 
bromine. 

(i From carnallite. Carnallite is first dissolved in water and 
the solution is concentrated by evaporation. On cooling the solution, 
potassium chloride separate out. The mother liquor (called bittern) 
left after the separation of potassium chloride contain magnesium 
chloride and magnesium bromide. The hot mother liquor is then 


Iron 


filings 


Fig. 10.7 


allowed to flow slowly down a tower packed with pieces of porcelain 
and connected with a tank below. Steam and a current of cblorine 
are passed up the tower when chlorine reacts with bromide liquors 
flowing downwards, liberating bromine. 

MgBr, 4- Cl, — MgCl, + Br, 

The bromine thus liberated is converted by steam into vapour 
which escapes through an outlet at the top of the tower and 
‘condenses to a liquid into spiral tube cooled by water. Bromine 
vapours which escape condensation react with wet iron filings form- 
ing iron bromide. 

Bromine in the waste liquor collected in the tank is recovered 
by passing steam through it when bromine is passed back again into 
the tower. 


(ii) From sea-water. To extract bromine, sea-water is acidified 
"with sulphuric acid (about 0:27 pound of 96% H SO, to each ton 
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of sea-water) and then treated with chlorine when free bromine is 
liberated. Sulphuric acid is added in order to prevent the hydrolysis 
of bromine liberated owing to its high dilution. 
Br, +H,O=HBr+HOBr 
The free bromine is then expelled from the very dilute solution 
by blowing air through it and absorbed in a solution of sodium 
carbonate in towers on the counter current principle. 


3Na CO; +3Br, =S5NaBr+NaBrO,+3CO; 


The bromide-bromate mixture is acidified with sulphuric acid 
when free bromine is released. 


5NaBr-+ NaBrO; +3H,SO, =3Br, +3Na SO, +3H,0O 


Bromine is then steamed out and condensed. 

Nowadays bromine is extracted principally from sea-water. 
About 15,000 pounds of bromine per day are produced from sea- 
water in one plant in North Carolina, U.S.A. 


Purification, Commercial bromine contains water, chlorine and 
iodine as impurities. Itis purified by distilling with potassium 
bromide which removes chlorine and zinc oxide which removes 
iodine, Water is removed by redistilling with concentrated sulphuric 
acid, 

Properties, (A) Physical properties: At ordinary tempera- 
ture, bromine is a heavy dark-red liquid. It evaporates rapidly to 
form clouds of dense brownish red vapour. In the vapour state, it 
exists as diatomic molecule, Br.. It has a pungent odour and a 
highly corrosive action on skin. It attacks the eyes as well as the 
mucous membrane of the throat and nose. It is soluble in water but 
much more soluble in organic solvents such as carbon tetrachloride, 
chloroform, alcohol and ether. Bromine freezes to yellowish brown 
crystalline mass at —7:2°C and boils at 58:8^C. It is the only non- 
metal which exists in the liquid state at the ordinary temperature. 


(B) Chemical properties: Bromine resembles chlorine in general 
chemical properties. The bromine atom is larger than the chlorine 
atom and hence gains an electron less readily and holds into it less 
tightly than does the chlorine atom. Therefore, bromine reacts less 
vigorously than chlorine. 

(a) Reaction with_non-metals. Bromine does not react with 
hydrogen spontaneously, but reacts with it when heated, especially 
in the presence of platinised asbestos which acts as a catalyst. 


H,+Br, =2 HBr 


(b) It combines with sulphur, phosphorus and arsenic forming 
the corresponding bromides. It explodes in contact with white 
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phosphorus forming tribromide PBr, and pentabromide PBr,.. It 
does not react with carbon, oxygen, or nitrogen. 
3Br, --2P =2PBr, ; 5Br,--2P —2PBr, 

(ii) Reaction with metals, Bromine reacts directly with active 
metals to form bromides. It explodes in contact with potassium but 
does not react with sodium in the cold. 

2K--Br, —2KBr 

(iii) Reaction with compounds. (a) Bromine dissolves in 
water forming a red solution called bromine water, which contains. 
some hypobromous acid HOBr and hydrobromic acid HBr. 

Br; -+H,O=HOBr+ HBr 

When exposed to bright sunlight bromine water liberates oxygen. 

2Br, -+2H,O0=4HBr+0, 

When bromine water is cooled to 0°C, it forms bromine hydrate 
Br, 8H, 0. 

(b) Bromine reacts with alkalis in much the same way as 
chlorine. With cold alkalis, it forms a hypobromite and a bromide, 

Br, +2KOH =KOBr+KBr+H,O 

But with hot alkalis, it yields a bromate and a bromide, 

3Br, +6KOH =5KBr+KBrO,+3H,O 

(c) Bromine is a good oxidising agent. Thus it liberates sulphur 
from sulphuretted hydrogen, iodine from potassium iodide and oxidi- 
ses sulphurous acid to sulphuric acids. 

H S+Br, =2HBr +S ; 2KI+Br, =I, +2KBr 
H,SO,+H,0+Br,=H,SO,+2HBr 

(d) Bromine reacts with a wide variety of organic compounds. 
With saturated organic compounds, it reacts replacing one or more 
hydrogen atoms by an equal number of bromine atoms. Thus, with 
ethane it forms ethyl bromide. 

C,H,+Br, =C.H,Br+HBr 
With unsaturated organic compounds, it forms addition compounds, 
C,H,+Br, =C,H,Br, 
Eaa * Ca SER 40) 

Uses of bromine, (i) The principal use of bromine is inthe 
manufacture of tetraethyl lead, (Co H;),4 Pb, used as an antiknock 
compound in gasolines. The process consists of formation of ethyl 
bromide C,H,Br by the reaction between bromine and ethane, 
followed by the reaction between C4H;Br and an alloy of lead 
and sodium. x 

C,H,- Br, =C,H;Br+HBr 
4C, HiBr+ 4ANaPb- (C; H ;); Pb J- 4NaBr 4- 3Pb 


I. Ch.—15 
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Ethylene dibromide C,H,Br, is added to the gasoline along 
with the tetracthyl lead. When the petrol is burnt in the presence 
of C,H,Br,, lead is converted into volatile lead bromide PbBr, 
which is carried away in the hot exhaust gases in the form of lead 
bromide vapour; in absence of the ethylene dibromide, lead is 
converted into non-volatile lead oxide which would remain to foul 
the engine cylinders. 


(ii). Bromine is employed in the manufacture of dyes, In the 
laboratory, it is used as an oxidising agent and, for bromination of 
organic compounds. 


(iui). Bromine is: largely used in the manufacture of metal 
bromides such as those of sodium, potassium, calcium and strontium. 
They are used in medicines as nerve sedatives. : Silver bromide is 
used in the manufacture of photographic films and papers. 


Tests.of bromine. Bromine is detected by its reddish-brown 
colour and pungent smell. 'If the gas is passed into water and the 
solution is shaken with carbon disulphide, then bromine if present 
is extracted by carbon disulphide which will be consequently- 
coloured brown. 


Todine 


Todine was first isolated from the ashes of burned sea-weeds in 1812 by 
the French chemist, Courtois. In 1813 Gay-Lussac established the elemen- 
tary nature of iodine and showed that it was very similar to chlorine. 
The name iodine was given to the element because of the beautiful violet 
colour of its vapour ( Gree iodes violet ). 


Iodine is never found free in nature. Sea-water contains very small 
quantity about 0'001 per cent of iodine. Sea-weeds and sponges absorb 
iodine from the sea-water and iodine can be manufactured from the ash 
of burnt sea-weeds to which the name kelp is given. An important 
technical source of iodine is the nitrate bed of chile which contains iodine 
in the form of sodium iodate, NaIO,. Iodine is present in small quantities 
in the thyroid gland of animals. 

(i) Laboratory preparation of iodine. In the laboratory, iodine is 
prepared by heating a mixture of potassium iodide, manganese 
dioxide and concentrated sulphuric acid. 


_2KI+ MnO, +3H,S0,=MnSO, +2KHSO, +41, +2H,0 


A mixture of potassium iodide, manganese dioxide and cocen- 
trated sulphuric acid is taken in a Stoppered glass retort, the stem of 
which is introduced into the mouth of a small glass flask cooled by 
water. The retort is then heated when iodine is liberated ; the 
liberated iodine sublimes off and condenses into the flask in the 
form of shining black crystals. 


(i) Iodine is also liberated when chlorine or bromine is passed 
through concentrated solution of potassium iodide, 


“2KI+Cl, =2KC1+1, 


THE HALOGEN FAMILY 227 


and potassium chloride ; sodium and potassium sulphates and 
other impurities crystallise out Whereas the more soluble sodium 
and potassium iodide remain in the mother liquor. The mother 
liquor is then mixed with manganese dioxide and sulphuric acid and 
distilled in cast-iron retorts. The liberated iodine sublimes . off and 
the vapour condenses into a series of earthenware receivers called 
aludels. 
2NaI 4- MnO, + 3H,SO,= 2NaHSO,+MnSO,+ 2H,0+1, 


(iv) From crude chile saltpetre (caliche). Chile saltpetre 
contains iodine in the form of Sodium iodate. Sodium iodate 
Temains in the mother liquor when Sodium nitrate is crystallised 
from concentrated solution of the crude chile Saltpetre. The 
mother liquor is then treated with a mixture of sodium sulphite and 
sodium bisulphite when iodine is Precipitated. 

2NaIO; +3Na 5O; +2NaHSO, =5Na,SO,+H,0-+1, 


The precipitate of iodine are collected and dried. It is purified 
by subliming with potassium iodide, 


(v) From oil-well brines. The brine from certain oil-wells 
Contains iodine in the form of iodides. Several different processes 
are used for the preparation of iodine from oil-well brines, All the 
Processes involve the liberation of iodine from iodides by oxidation 
and subsequent collection of iodine. 


In one process, brine is made just acidic with hydrochloric acid 
and is then mixed with sodium nitrite when iodine is liberated. 


2Nal-+2NaNO, +4HCl=I, +2NO+2H,0-+4NaCl 


The solution is then stirred with activated charcoal when iodine 
is adsorbed on the charcoal. The charcoal is then filtered off and 
treated with hot sodium hydroxide solution when iodine is converted 
into sodium iodide and sodium iodate. 


315 -+6NaOH = 5NaI+Nal0, +3H,0 


The solution containing the mixture of lodate and iodide is 
©oncentrated and then acidified when iodine is precipitated, 


NalO, +5Nal+6HCl=3I,-+6NaCl+3H,0 


In another process which is used more recently, brine is acidified 
With sulphuric acid and then a current of chlorine gas is passed 
through it, The liberated iodine is carried out by an air current 
and absorbed into a solution of hydriodic acid and Sulphuric acid 
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through which is passed sulphur dioxide. Sulphur dioxide reduces. 
iodine to hydriodic acid. 
I,+SO, +2H,O=2HI+H,SO, 
The mixture of hydriodic acid and sulphuric acid formed is then 
treated with chlorine when iodine is precipitated. 
2HI+Cl, 22HCI4- I, 

Purification. Crude iodine may contain iodine chloride, ICI 
iodine bromide, IBr and iodine cyanide ICN all of which are volatile 
and hence cannot be removed by sublimation. It is mixed with 
potassium iodide and the mixture is heated “when pure iodine 
sublimes. The impurities react with potassium iodide in the 
following manner. 


ICI + KI = KCl + I, 


Properties. (A) Physical properties. Iodine forms grayish 
black crystals of semi-metallic lusture. The vapour pressure of 
iodine is very high at its melting point and hence it sublimes 
readily. The molecular formula of the vapour at temperatures 
below 700°C is I,. It melts at 113°C and boils at 187°C. Iodine is 
slightly soluble in water but freely soluble into aqueous solution of 
potassium iodide due to the formation of potassium tri-iodide KI,. 

KI + I, = KI, 

Todine is readily soluble in carbon disulphide, chloroform, benzene 
and other organic solvents. The colour of the solution becomes 
brown when the solvent contains oxygen atom in their molecules 
and the colour of the solution varies from pale pink to deep purple 
when the solvent contains no oxygen atom in their molecules. 
The brown colour is that of complex substances which is believed 
to be formed as a result of weak interaction between solvent and 
iodine molecules. 


J (B) Chemical properties, The reactions of iodine are analogous 
with those of other halogens although it is much less active 
chemically. 


(i) Reaction with non-metals. Hydrogen and iodine unite at 
very high temperatures forming hydrogen iodide ; the reaction is 
reversible and is aided by the presence of a suitable catalyst. 

H,+1, = 2HI 
Iodine burns in fluorine to form the pentafluoride, IF, which is 
a colourless liquid. It forms compounds with fluorine, chlorine and 
bromine, eg, IF;, ICI, ICl,, IBr. It reacts with phosphorus 
forming the iodides PI, and P,L,. It does not combine directly 
with oxygen and sulphur. 


2P +431, —2PI, 
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(ii) Reaction with metals, Iodine reacts energetically with 
most metals forming iodides. Thus, antimony powder ignites 
‘spontaneously when it is shaken with iodine vapour. 

2Sb+ 31, — 2SbI; 
When mercury is triturated with iodine, a green mercurous iodide, 
HgsI;, is formed when mercury is in excess and a red mercuric 
iodide, HgI;, is formed when iodine is in excess. 

Hg+I, =Hgl, 

(iii) Reaction with compounds. (a) Iodine reacts with cold 

dilute-alkali-forming iodide and hypoiodite. 

I,+2KOH = KI+KI0+H,0O 
This reaction is reversible, The hypoiodite gradually changes into 
iodate and iodide even in the cold solution. 

3KIO-KIO, +2KI 
Iodate is directly formed when iodine reacts with hot solution of 
alkali. 

3I, J-6KOH =5KI+KIO,+3H,O 

(b). Iodine can act ‘as an oxidising agent. Thus, it oxidises 
arsenite to -arsenate, hydrogen sulphide to sulphur, sulphite to 
sulphate‘and‘stannous chloride to stannic chloride. 

Na,AsO, +I, --H,O -Na,AsO, --2HI 
H,S+I, =2HI+S 
Na, SO, +1,-+H,0=Na,SO,+2HI 
SnCl, +1, +2HCl =SnCl, +2HI 
‘Sodium thiosulphate is oxidised quantitatively to sodium tetrathio- 
nate ; this reaction is used in the estimation of iodine ; 
2Na5$8,0, --I, 2 2NaI4- Na58,0; 

(c) * Unlike other halogens, iodine is oxidised to iodic acid by 

‘concentrated nitric acid. 
3I; + 10HNO, ^ 6HIO; -- 10NO--2H,0 


Uses. Iodine is used in medicine. The solution of iodine in 
alcohol called tincture iodine is used as disinfectant for wounds. 
It is used in the manufacture of dyes, drugs and iodoform CHI,. 
*In the laboratory, iodine finds employment in the synthesis of 
Organic compounds and in volumetric analysis. Soluble iodides 
Such as those of sodium and potassium are used in the treatment 
of simple goitre (enlargement of thyroid gland) which results from 
dietetic deficiency of iodine. 

Tests of iodine. Jodine is detected by (i) its violet colour 
(ii) it forms intense blue colouration with starch solution (iii) it 
dissolves in carbon disulphide forming violet coloured solution. 
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(iv) it produces iodoform having sweet smell when treated with 
alcohol and sodium hydroxide. 


Hydrogen fluoride, Hydrofluoric acid, HF. 


Hydrogen and flourine combine instantly with explosion forming 
hydrogen fluoride. The solution of hydrogen fluoride in water is 
called hydrofluoric acid. 


(i) Preparation of hydrofluoric acid. Hydrofluoric acid can be 
prepared by treating calcium fluoride with 90 per cent sulphuric 
acid at 120 to 300°C, 

CaF, -+H,SO,=CaSO,+2HF. 

Powdered fluorspar is heated with 90 per cent sulphuric acid in 
a lead retort connected to a lead receiver which contains water. 
The hydrogen fluoride gas evolved passes into the receiver where it 

_ dissolves in water forming a colourless solution. Hydrofluoric acid 
thus obtained is stored in lead or gutta-percha or wax bottles 
because it attacks glass. 


(ii) Preparation of pure and anhydrons hydrofluoric acid. 
Anhydrous hydrofluoric acid is Prepared in the laboratory by 
heating potassium hydrogen fluoride which is known as Fremy’s 
salt. 

KHF, =KF+ HF. 


Pure and dry potassium hydrogen fluoride is heated in a 
platinum or copper retort connected with a condenser and a receiver 
of the same metal. The receiver is kept immersed in a freezing 
mixture. Potassium hydrogen fluoride decomposes evolving 
hydrogen fluoride which condenses in the receiver as a colourless 


liquid. The anhydrous acid thus Obtained is stored in platinum or 
wax bottles, 


(ii) Anhydrous hydrofluoric acid can also be prepared by 
heating lead fluoride in dry hydrogen or by pássing dry hydrogen 
over dry silver fluoride, 

PbF,--H, =Pb+2HF 
2AgF--H, =2Ag+2HF 


Preparation of Fremy's salt, A known volume of aqueous 
hydrofluoric acid is neutralised with caustic potash, To the 
neutralised solution, a further equal yolume of the same solution of 
hydrofluoric acid is added. The resulting liquid is evaporated ina 
platinum dish when crytstals of Fremy'ssalt, KHF, separate out. 
The crystals are then filtered off and dried by gentle heating. 


HF--KOH -KF4- H50, KF+HF=KHF, 
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Properties, (A) Physical properties. Anhydrous hydrofluoric 
acid is a colourless, highly volatile liquid boiling at--19-5"C and 
freezing at— 83°C. It is extremely soluble in water. It has pungent 
smell and fumes strongly in air. It vigorously attacks the walls of 
the respiratory tract and if inhaled may cause the permanent loss 
of voice. Anhydrous hydrofluoric acid is not an electrolyte but is 
an excellent ionising solvent. In aqueous solution, it behaves as a 
weak acid. Anhydrous hydrofluoric acid is highly associated 
because of the extreme electronegativity of the fluorine atom ; it 
withdraws electron from the hydrogen atom leaving essentially the 
positive proton to act as hydrogen bond. Anhydrous hydrofluoric 
acid is, therefore, formulated as (HF)n. The hydrogen bonds are 
formed according to the following scheme 

Py = fe cbs fell Pe Hepat 


(B) Chemical properties: (i) Reaction with metals. Hydro- 
fluoric acid reacts with most metals ( except gold, platinum, silver, 
mercury and lead ) yielding metallic fluorides and hydrogen. 


Fe+2HF =FeF,+H, 


Hydrogen fluoride reacts with oxides of metals forming the 
metallic fluorides and water. 


K,0+2HF =2KF+H.O 


Many of the metallic fluorides have the property of combining 
with a further quantity of hydrogen fluoride to form the acid 
fluorides, thus, 

KF+HF=KHF, 

(ii) Reaction with silica. Etching of glass. The outstanding 
property of hydrofluoric acid is its ability to react with sand, glass 
and other silicates, forming gaseous silicon tetrafluoride. 

SiO, +4HF =SiF,+2H,O 
CaSiO, +6HF =SiF,+CaF,+3H,O 


The application of hydrofluoric acid for etching glass is based 
upon the reaction between HF and SiO,. The glass is covered with 
a thin layer of wax. A design which is to be etched is scratched 
through the wax with stylus: The surface is then exposed to the 
action of hydrofluoric acid. The wax coating protects the unexposed 
glass. On removing wax by washing the glass with turpentine, the 
design is seen to be etched on the glass, 

Etching may also be made with the hydrogen fluoride gas but 
the etching then appears opaque and dull. Etching made with the 
hydrofluoric acid is clear and shining. ; 

Hydrofluoric acid attacks skin violently and forms burns which 
are painful and difficult to heal. 
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Fluorides. The salts of hydrofluoric acid are called fluorides, 
The fluorides are stable salis and in many ways resemble the 
chlorides. They differ from the chlorides in their ability of forming 
acid salts and complex salts. Thus, potassium fluoride forms the 
acid salt KHF, with hydrofluoric acid. : 

KF+HF=KHF, 

Acid ammonium fluoride is formed when normal ammoniuni 
fluoride is heated, 

2NH,F=NH,+NH,HF, 

Silicon tetrafluoride reacts with water forming complex acid, 
e.g., silicofluoric acid. 

3SiF, --4H,0 —2H,SiF, -- H,SiO, 

From this acid, a series of complex salts called silicofluorides are ` 
derived, e.g, potassium silicofluoride, K,SiF, and lead silico- 
fluoride PbSiF,. Potassium fluoride combines with boron trifluoride 
to form complex salt, potasium borofluoride. 

KF+BF;=KBF, 

The solubilities of metallic fluorides often contrast sharply with 
those of other halides. Silver fluoride is readily soluble in water 
while the other halides of silver are only slightly soluble. Again, 
calcium fluoride is almost insoluble while other halides of calcium 
are soluble in water. 


Uses of hydrofluoric acid and fluorides. (i) Hydrofluoric acid 
is used to etch various designs such as graduations on buret, and on 
glass. It is also used for the removal of sand from metal castings 
and in the chemical analysis of silicate minerals. Anhydrous 
hydrofluoric acid is employed as a catalyst in the production of high 
quality motor fuel and in other chemical processes. Large amounts 
of hydrogen fluoride are used for the production of cryolite which 
is employed in aluminium industry. ! 


(ii) Certain fluorides find extensive practical applications. Thus 
sodium fluoride is used as an insecticide to destroy agricultural pests 
and as a preservant for impregnating wood. Many fluorides such as 
calcium fluoride are used as fluxes in metallurgical industry. They 
are also used as mordants in dye industry and in the synthesis of 
ceramics. Antimony trifluoride is used in the production of organic 
fluorine compounds, 

Detection of hydrofluoric acid and fluoride. (i) The fluoride 
is mixed with sand and conc. HSO, and the mixture is heated 
in a leaden vessel. Conc. sulphuric acid reacts with the fluoride 
forming HF which instantaneously reacts with silica evolving 
vapours of SiF,. A drop of water held by a platinum wire or by 
a glass rod into vapours becomes opalescent due to the formation 
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of white insoluble silicic acid as a result of the reaction of SiF, 
with water. 

CaF, +H,SO,=CaSO,+2HF ; 4HF--SiO, =SiF,+2H,O 

3SiF, +4H,0 =2H.SiF, +Si(OH), 
5 ( silicic acid ) 

If free hydrofluoric acid is present, conc. H,SO, is not added. 
(ii) when calcium chloride solution is added to a solution of a 
fluoride, a white precipitate of calcium fluoride insoluble in acetic 
acid is formed : 2NaF + CaCl, =2NaCl+CaF, 
(iii) The free hydrofluoric acid is detected by its etching of glass. 


Hydrogen chloride, Hydrochloric acid, HC). 


Hydrochloric acid was known to Arabian chemists of eighth century. 
In 1648, Glauber prepared the acid by the action of sulphuric acid on 
common salt. In 1772, Priestley collected the gas over mercury and found 
that it was very Soluble in water. The solution was then called muriatic 
acid. When Chlorine was recognised as an element, it was named 
hydrochloric acid. 

Hydrogen chloride is found in gases evolved from some volcanoes. It 
is also present in animal and human gastric juice. 


Preparation. Hydrogen chloride is a colourless gas and its 
solution in water is called hydrochloric acid. Hydrogen chloride can 
be prepared by the following methods : 

(i) By the direct union of hydrogen and chlorine. Whena 
mixture of hydrogen and chlorine is exposed to sunlight, they 
combine with an explosion, producing hydrogen chloride. 

H,+Cl, -2HCI ; 

(ii) From chlorides of non-metals, The chlorides of some 
non-metals react with water to yield hydrogen chloride. 

PCI, +3H,O=H,PO,+3HCl 
PCI,+4H,O=H,PO,+5HCl 
SnCl, +2H 0 =Sn0, 4- 4HCI 

These reactions are occasionally used forthe preparation of 
hydrogen chloride in the laboratory. 

The purest hydrogen chloride is prepared by the action of water ` 
on silicon tetrachloride. 

SiCl, +2H,O=Si0,+4HCI 

(iii) By the action of chlorine on steam. Hydrogen chloride is 
also formed when a mixture of chlorine and steam is passed over 
heated active charcoal which acts as a catalyst. 

2Cl, 4-2H,0 =4HCl+ 0, 

(iv) From sodium chloride. Laboratory preparation, In the 

laboratory, hydrogen chloride is usually prepared by the action of 
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concentrated sulphuric acid upon common salt. In the cold or on 
gentle heating, the following reaction takes place. 
NaCl - H,SO, =HCl+NaHSO, (10-1) 
But when the reaction mixture is heated to about 500°C, further 
reaction takes place, G 
NaHSO, +-NaCl=Na,SO,+HCl (10:2) 
Since the glass vessel must not be heated too strongly owing to 
the danger of cracking, the reaction (10:2) is not carried out in the 
laboratory. 
Common salt is taken in a flask fitted with a thistle funnel and a 
delivery tube. Concentrated sulphuric acid is added through the 
thistle funnel and the mixture is warmed. Hydrogon chloride gas is 


Fig, 10.8 
evolved. The gas is then passed through a wash-bottle containing 
concentrated sulphuric acid which removes moisture, It is collected 
by upward displacement of air or over Mercury. It cannot be 
collected by the displacement of water as it is highly soluble in 
water. Hydrogen chloride cannot be dried over phosphorus pentoxide 
because it reacts according to the equation. 
2P,0, --3HCI-: POCI, --3HPO, 

The strengths of sulphuric acid, hydrochloric acid and nitric acid are 
in the order : H,SO,>HCI>HNO,. Among these acids sulphuric acid 
is least volatile. Hence, the volatile hydrochloric acid is displaced by 
less volatile and stronger sulphuric acid. 

Preparation of aqueous solution of hydrogen chloride. In order 
to prepare the aqueous solution of hydrogen chloride, the end of 
the delivery tube is connected with the stem of an inverted funnel 
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which dips just below the surface of water contained in a beaker. 
Hydrogen chloride dissolves in water, yielding an 
aqueous solution of hydrogen chloride or hydro- 
chloric acid. 

Owing to the high solubility of the gas in 
water, reduction of pressure inside the flask may 
take place. Asa result, water is drawn up into 
the funnel and water level in the beaker falls ; 
consequently, air passes into the funnel and the 
water falls back into the beaker. This device 
prevents water in the beaker from being sucked 
back up the delivery tube on to the hot sulphuric Fig. 10.9 
acid in the flask, and is known as anti-suction device. 

Properties. (A) Physical properties, Hydrogen chloride is a 
colourless gas with a pungent, suffocating smell. It attacks the 
mucous membrane of the nose and throat. It is denser than air., 
Hydrogen chloride can easily be condensed toa liquid which boils 
at —85'C and freezes at —114°8°C. Liquid hydrogen chloride is 
not a conductor of electricity, 

The gas is extremely soluble in water ; its concentrated solution 
fumes strongly in moist alr due to the liberation of hydrogen 
chloride. Ordinary concentrated hydrochloric acid contains about 
37 per cent HCI and has a specific gravity of 1°19. 


When concentrated hydrochloric acid is heated, hydrogen 
chloride escapes first and the solution gets diluted. This continues 
until the solution contains 20°2 per cent of HCl. This solution 
distils without change of composition, at a constant temperature 
of 110°C. On the other hand, when dilute hydrochloric acid is 
boiled, water escapes first and the solution becomes concentrated. 
This continues until the solution contains 20'2 per cent HCl. The 
solution distils without altering its composition at the constant 
temperature of 110°C, The 202 per cent solution of hydrochloric 
acid is called a constant boiling solution or a constant boiling 
mixture. 

(B) Chemical properties: (i) Reaction with metals, The 
molecules of hydrogen chloride when dissolved in water appear to 
be completely dissociated into Ht and C1- ions, 

HCIz:H* +Cl- 

Therefore, in aqueous solution hydrogen chloride’ behaves as a 
Strong mono-basic acid, It reacts readily with many metals liberating 
hydrogen and forming salts, known as metal chlorides, thus 


Zn--2HCl- ZnCl, +H 
Fe--2HCI - FeCl, --H 3 
Sn+2HCl=SnCl, +H, 
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Copper dissolyes slowly in concentrated hydrochloric acid, 
forming cuprous chloride and hydrogen. Silver slowly reacts with 
the acid in presence of air. 

2Cu+ 4HCI 2H, +2HCuCl, 
4Ag+4HCl+0, — 4AgCI -2H,0 

The noble metals such as platinum and gold do not dissolve in 
hydrochloric acid, but they dissolve readily into a mixture of one 
part of nitric acid and three parts of hydrochloric acid, known as 
aqua regia. 

3HCI4-HNO; — Cl, 4-2H40 4- NOCI (nitrosyl chloride) 

Au+4HCI+HNO, =NO+2H,0+HAuCI, (aurichloric acid) 

(ii) Reaction with non-metals. Hydrogen chloride neither burns 


"nor is a supporter of combustion. It reacts with free oxygen-only 
. “under the influence of catalysts such as cupric salts. 


4HCl+0, =2H,0+2Cl, 


Fluorine displaces chlorine from HCl forming hydrofluoric acid. 
2HCl1+F, =2HF+Cl, 


(iii) Reaction with compounds. (a) Reaction with bases. In 
presence of traces of moisture, hydrogen chloride reacts readily 
with ammonia, forming ammonium chloride, 


NH;--HCI 2 NH,CI 
Hydrochloric acid reacts readily with the hydroxides of the 
metals forming metallic chlorides and water. 
Ca(OH), -- 2HCI & CaCl, -2H ,O 
NaOH 4- HCl «NaCl 4- H,O 
Al(OH), 4- 3HCI — AICI, --3H ,O 
These metathetical reactions are known as neutralisation 
reactions. The acid reacts with carbonates, bicarbonates, sulphites 


and oxides of metals forming metal chlorides and other character- 
istic products, 


CaCO, +2HCI =CaCl,-+H,CO, ( carbonic acid ) 
H,CO, =H,0+C0, 

CaCO, -+2HCl =CaCl,+H,O+C0, 

Na, CO, +2HCl=2NaCl+-H,0+CO, 

NaHCO, -+HCl=NaCl+H,0+C0, 
CuO--2HCl =CuCl,+H,0 
Na,SO,-+2HCl=2NaCl+H,0-4S0, 


é 


THE HALOGEN FAMILY 237 


(b) Reaction with oxidising agents. Oxidising agents such as- 
manganese dioxide, lead dioxide, potassium permanganate, potassium: 
dichromate, etc., oxidise hydrochloric acid to chlorine. 

4HCl+ MnO, = MnCl, 4-Cl, 4-2H ,O 
K,Cr,0, +14HCl=2KCI+2CrCl, 4- 7H. O -- 3Cl, 
2KMnO, +16HCl=2KCl+-2MnCl, +5Cl,-+8H,0 

Uses of hydrochloric acid. (i) Hydrochloric acid is employed 
for purifying iron ores, coke and clay. It also finds applications in 
dyestuff, leather and food industry. It is used for the preparation: 
of glue, and a number of organic preparations. A small amount of 
hydrochloric acid is present in gastric juices of man and animal 
and plays an important part in: digestion. (i) It is used for 
“pickling” sheet iron in galvanising and tinplate industries, It is 
used as an analytical reagent in chemical industry. (iii) Aqua 
regia which is a mixture of three parts of hydrochloric acid and one 
part of nitric acid is used for dissolving gold to form gold chloride 
which is an important photographic chemical. 

(iv) Hydrochloric acid is used for preparing metal chlorides, . 
many of which find wide applications. For Example, sodium chloride 
is a necessary seasoning for our food. Potassium chloride is used 
as an important fertiliser. Calcium chloride CaCl, 6H,O is used 
for preparing ‘cooling mixture”. Anhydrous calcium chloride is 
used as a drying agent in the laboratory. Mercuric chloride, HgCl., 
is used to preserve wood and anatomical preparations. Very dilute 
solution of mercuric chloride ( 1 : 1000 ) is an efficient disinfectant. 

Tests. (i) When hydrochloric acid or any metallic chloride is 
heated with manganese dioxide and concentrated sulphuric acid, 
greenish yellow gas chlorine is evolved. 

(ii) When silver nitrate solution is added to the solution of a 
chloride or hydrochloric acid, white precipitates of silver chloride 
are obtained. This precipitate is insoluble in dil. nitric acid but 
soluble in ammonium hydroxide. 

HCI+ AgNO, =AgCl+HNO, 
AgCl+2NH ,OH=[Ag(NH,)o]C1+2H,0 
[Ag(NB;),]Cl4- 2HNO, = AgCl+2NH,NO, 


Hydrogen bromide, Hydrobromic acid, HBr 


Preparation. (i) By synthesis, Hydrogen bromide can be pre- 
pared by the direct combination of hydrogen and bromine. When a 
mixture of hydrogen and bromine vapour is passed through a tube 
containing a red-hot spiral of platinum wire, gascous hydrogen 
bromide is formed. 

H,+Br,=2HBr 
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-This method is used for the:preparation of anhydrous gas ona 
scale, 

A mixture of hydrogen and bromine obtained by passing dry 
hydrogen through bromine kept ina wash-bottle heated to about 
50°C by a bath of hot water is passed through a tube containing red- 
hot spiral of platinum wire. Hydrogen combines with bromine in 
the tube ; the platinum wire acts as a catalyst. The hydrogen 
bromide formed is' then passed over moist red phosphorus which 
converts free bromine into hydrobromic acid. The gas is then dried 
by passing it over fused calcium bromide and finally cooled ` ^ 
air when anhydrous hydrogen bromide solidifies and unreacted 
hydrogen passes out. 


(ii) Hydrogen bromide can be conveniently prepared by the 
action of hydrogen sulphide on bromine or by the action of sulphur 
dioxide on bromine in presence of a little water. 


Br, +H,S=2HBr+-S 
Br, +2H,O+SO, =2HBr+H,SO, 


. A stream of hydrogen sulphide or sulphur dioxide is passed 
through bromine mixed with a little water in a wash-bottle(fig. 10. 10). 


LE 


Fig. 10.10 


Hydrogen bromide formed 'is then allowed to pass through a tube 
containing moist red phosphorus which removes uncombined 
bromine, The gas is then collected by the upward displacement of 


air or over mercury. . The gas may be dissolved in. water by an 
arrangement shown in fig. 10.10. 
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increasingly stronger reducing agents while concentrated sulphuric 
acid is an oxidant. Hydrogen bromide and hydrogen iodide are 
sufficiently strong reducing agents to reduce the sulphuric acid 
whereas they are oxidised by sulphuric acid to bromine and iodine 
respectively. Thus : 
2KBr+2H,SO, =2KHSO, --2HBr 
2HBr+H,SO,=Br.+2H,0+S80, 
eee? 9) Oe uolo mov snum cr EX 
2KBr--3H,S0, =2KHSO, +Br.+2H,0+SO0, 
Similarly, t 
2KI--3H,S0, =2KHSO, +I -2H,0 - SO, 


Therefore, sulphuric acid cannot be used to prepare hydrogen 
bromide and hydrogen iodide. Instead non-oxidising and high 
boiling-point acid such as orthophosphoric acid is used. 

NaBr4- HPO, & NaH;PO, +HBr 


The hydrogen bromide may be removed by heating the reaction 
mixture to drive off gaseous HBr which may be collected over 
mercury or by the upward displacement of air. 


This method is not carried out in the laboratory but it is custo- 
mary instead to prepare hydrogen bromide in the laboratory by the 
hydrolysis of phosphorus tribromide, PBr,. 


(iv) Laboratory preparation of hydrogen bromide. In the 
laboratory, hydrogen bromide is prepared by the action of bromine 
on red phosphorus in the presence of water. Phosphorus tribromide 
and pentabromide are first formed ; they are then hydrolysed by 
water forming hydrogen bromide and phosphorous and phosphoric 
acid respectively : 

2P-4-3Br, —2PBr, ; PBr,-- 3H,O0 € H,PO, -- 3HBr 
2P+5Br.—2PBr, } PBr, +4H,O=H,PO,+5HBr 


A mixture of red phosphorus with twice its weight of water and 
some clean sand are taken in a flask equipped with a dropping 
funnel and an outlet tube (fig. 10.11). The outlet tube is connected 
to the two U-tubes ; one containing pieces of glass smeared with 
damp red phosphorus and the other containing granules of 
anhydrous calcium bromide. The bromine is allowed to drop slowly 
into the red phosphorus from the dropping funnel when a vigorous 
reaction takes place with the eyolution of much heat. Hydrogen 
bromide given off passes first through the U-tube containing damp 
red phosphorus which removes any unchanged bromine and then 
through the U-tube containing anhydrous calcium bromide which 
removes moisture. The gas is finally collected by the upward 
displacement of air. 
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In order to prepare the aqueous solution of hydrogen bromide, 
the U-tube containing damp red phosphorus is connected with the 


Papercover 


Anhydrous 
CaBr; 


Fig. 10.11 


stem of the funnel which dips just below the surface of water 
contained in a beaker. «Hydrogen bromide dissolves in water giving 
hydrobromic acid. 

Properties. (A) Physical properties: Hydrogen bromide isa 
colourless gas having pungent odour. It is heavier than air and 
fumes strongly in moist air, The gas condenses to a liquid at — 67°C 
and solidifies to a colourless solid at —86'C. The gas is very 
soluble in water. On distillation of the aqueous solution, a mixture 
of constant boiling is obtained, which contains 48% hydrobromic 
acid and boils at 125°C. Dry hydrogen bromide has no action on 
litmus paper. 

(B) Chemical properties: In most of its chemical properties, 
hydrogen bromide resembles hydrogen chloride. Hydrogen bromide 
is less stable than hydrogen chloride and dissociates slightly into 
hydrogen and bromine when heated to about 800°C. Slight decom- 
position also occurs when the gas is exposed to sunlight. 

2HBr = H,+Br, 


(i) Reaction with non-metals. Hydrogen bromide is oxidised 
more readily than hydrogen chloride. Thus, it is oxidised by air in 
the presence of sunlight. 

4HBr+0,=2H,0+2Br, 
It readily reacts with chlorine forming hydrochloric acid and’ 
bromine. 
2HBr+Cl, =2HCI+Br, 
s (ii) Reaction with metals, Aqueous hydrobromic acid reacts 
with metals with the evolution of hydrogen. It reacts with mercury 
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very slowly forming mercury bromide and hydrogen. Potassium 
readily displaces hydrogen from HBr and form potassium bromide. 


2HBr-F2K =H, 4-2KBr 


(iii) Reaction with compounds. Hydrobromic acid reacts with 
oxides, hydroxides and carbonates of the metal in the same way as 
hydrochloric acid to form bromides. It is more readily oxidised 
than hydrochloric acid ; thus it is oxidised by sulphuric acid and 
hydrogen peroxide to bromine ; but hydrochloric acid is not oxidised, 
by either of these. 

2HBr+H,SO,=Br.+SO,+2H,0 
2HBr-FH40, =Bry+2H,0 

Like hydrochloric acid, it is oxidised by manganese dioxide, 
potassium permanganate, etc., to bromine. 

Uses. Hydrobromic acid is used asa laboratory reagent and in 
medicine. 


Tests of HBr and Bromides. (i) When silver nitrate solution is 
added to a solution of hydrobromic acid or a bromide acidified 
with HNO;, a pale yellow precipitate of silver bromide is formed : 

KBr+ AgNO,=KNO,+AgBr ; HBr--AgNO,; — HNO, + AgBr 

Silver bromide is insoluble in nitric acid but moderately soluble 
in ammonia solution. 

(ii) To a solution of HBr or à bromide in a test tube, a few c.c. 
of chloroform and a little chlorine-water are added. Bromine is 
liberated and on shaking it passes into the chloroform layer 
colouring it brown. 

(iii) When HBr or a bromide is heated with concentrated 
H,SO,, red vapours of bromine are evolved. 


Hydrogen iodide, Hydriodic acid, HT 


Preparation. (i) By synthesis. Hydrogen iodide can be prepared 
by the direct union of hydrogen and iodine. When hydrogen and 
iodine vapour are passed through a tube containing heated platini- 
sed asbestos, hydrogen iodide is formed. 

H, +I, = 2HI 
This method is utilised for the commercial preparation of hydrogen 
iodide by carrying out the reaction at about 200°C, under pressures 
of 12-15 atmospheres and in the presence of a chromium trioxide 
catalyst. 

(ii) An aqueous solution of hydrogen iodide (hydriodic acid) 
can be prepared by passing hydrogen sulphide slowly through a 
suspension of iodine in water until the colour of iodine has dis- 


I, Ch—16 
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appeared. Hydrogen sulphide reacts with iodine forming hydriodic 
acid and precipitating sulphur. 
H,S+I,=2HI+S 

Excess of hydrogen sulphide is removed by passing a stream of 
carbon dioxide or hydrogen through the solution. The precipitated 
sulphur is then filtered off and the filtrate is a solution of hydrogen 
iodide in water. It can be concentrated to about 57 per cent by 
distillation. 

(iii) Hydrogen iodide cannot be prepared by the action of 
concentrated sulphuric acid on metallic iodides since hydrogen 
iodide formed reduces sulphuric acid to sulphur dioxide. 

2KI+2H,SO, =2KHSO,+2HI 
2HI+H,SO,=SO,+1,+2H,O0 


2KI+43H.,SO,=2KHSO,+S0,+1,+2H,0 
The ‘gas can be prepared by the action of phosphoric acid on 


potassium iodide. 
3KI+H,PO, =3HI+K,PO, 


` (iv) Laboratory preparation. In the laboratory, hydrogen iodide 
is prepared by the action of water on a mixture of red phosphorus 
and iodine. Phosphorus tri-iodide is first formed and this is hydro- 
lysed-by water forming hydriodic acid, 
2P+ 31, —2PI, 
2PI,-- 6H,O=2H,PO,+6HI 


2P+ 31, +6H,O =2H PO, 4- 6HI 

Ag mixture of red phosphorus and iodine is taken into a flask 
fitted with a dropping funnel and an outlet tube. Water is then 
allowed to fall drop by drop 
from the dropping funnel on- 
to the mixture. Hydrogen 
iodide is evolved and is 
passed through a U-tube con- 
taining moist red phosphorus 
which removes free iodine. 
The gasis then collected by 
the upward displacement of 
air. It cannot be collected 
over mercury since mercury 
and hydrogen iodide react. 


* An aqueous solution of 
: c n e gas can be prepared by 
leading hydrogen iodide into water in a way similar to th: 

in the case of hydrogen chloride. 3 Son Rei 


Glass bead covered 
with paste of Red P. 
and water 


Red Pl 


Fig. 10.12 
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Properties, (A) Physical properties, Pure hydrogen iodide is a 
colourless gas which fumes strongly in air. It has an irritating 
odour and is heavier than air. Tt may be condensed to a colourless 
anhydrous liquid which freezes at —50°7°C and boils at — 35'4*C. 
It is highly soluble in water and like other hydrogen halide it forms 
constant boiling mixture which boils at 127°C under standard 
pressure. The constant boiling mixture contains 57% of hydrogen 
iodide. 

(B); Chemical properties : (i) Hydrogen iodide is decomposed 
by heat or when exposed to sunlight into hydrogen and iodine. 

2HI=H; +1, 
The aqucous:solution of hydrogen iodide (hydriodic acid) is strongly 
acidic, because in aqueous solution it ionises completely : 

HI Ht+I- 
It reacts with bases forming salts known as iodides. 

(i) It is a powerful reducing agent. All common oxidising 
agents, therefore, liberate iodine from hydriodic acid. Thus, when 
fresh solution of the acid which is colourless is exposed to air, it 
rapidly becomes brown due to the oxidation by air. 

4H1+0, =21,+2H,0 
It reduces ferric chloride to ferrous chloride, chlorine to hydro- 
* chloric acid, bromine to hydrobromic acid, hydrogen peroxide to 
© water, nitric acid to nitrogen dioxide and sulphuric acid to sulphur 
dioxide. In all cases, it is oxidised to iodine. 
2FeCl, +2HI= 2FeCl, 4-1, -2HCI 
2HI4- Cl; 2 2HCI 4-I; 
2HI--Br, 22HBr I; 
2HI+H,O,=2H,0+1, 
2HNO,+2HI=2H,0+1,-+2NO, 
H,SO,+2HI=S0, +1,+2H,O 
H,O, +2HI =2H,O+1, 
Hydrogen iodide is oxidised by ozone to iodine. 
2HI+0,=H,0+0,+], 
When hydriodic acid is added to acidified solution of potassium 
permanganate, it is oxidised to iodine. 
2KMn0;--4H;SO, --IOHI = 2MnSO,+2KHSO,+8H,0+5I, 
Hydriodic acid is oxidised by acidified solution of potassium 
dichromate to iodine. s 
K,Cr50; 4-5H4S0; --6HI - Cr; (80), + 2KHSO;  TH,O 31 
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Hydrogen lodide is oxidised by nitric acid to iodine. 
2HNO, 42HI «2H,0--1, 2NO, 
. Nitrous acid is reduced to nitric oxide by hydrogen iodide, 

2HNO, +2HI=2H,04+2NO+41, 

reducing agents such as copper sulphate, and ferric 

oxidise hydriodic acid to iodine. 
2CuSO , +4HI = Cu, 1, +2H,S0, +1, 
2FeCl, 4 2HI e 2PeCl, +1, + 2HCI 


Incidentally, it may be mentioned that the mild oxidising agents 
such as FeCl, and CuSO, cannot oxidise hydrobromic acid to 
bromine but they can oxidise hydriodic aoid to iodine, This shows 
gauge dioe mt ibt agent than hydrobromic 


Uses. Hydriodic acid is used as reducing agent ín organic 
cmm Hydriodic acid and iodides are detected by the following 


() When acid or metallic iodides are heated with 
acid, violet vapours of iodine are evolved. 


On silver nitrate solution to a solution of hydrogen 
or udi [odiis veidines nitric acid, yellow precipi- 
tates of silver iodide arc formed. xd 


mo HI+ AgNO, ^ y i aids] 
a solution iodide metallic 
E wih carbon sinn raph Salie, expo dlexlphide 
2HI «CI, -2HCI e, 


from hydriodic acid metallic 
VEM Give i aie Gps ME IRG e visi Rios, — 


weights, — Execpt ai other 
ys, — È pod belepes emen can be 
2NaX+MaO, + 31,50, e 2NaHSO, + MaSO, +X, --2H,O 
sl ( X=Cl, Br and 1) 
E m by the electrolysis of a solation of 
intensity of colour, melting pointsand boiling 
with increase in atomic weights. T irag ae 
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rtics also change with increasing atomic hts, The order 
activity is fluorine, chlorine, bromine and jodine ; fluorine is 


bromine and iodine from their hydracids and salts, 
2KCl4-F, =2KF+Cl, ; 2KBr-F, «2KF+Br, 
2Ki+F,=2KF+1, 
‘Chlorine is less reactive than fluorine but more reactive than 
‘bromine and lodine, It displaces bromine and iodine from their 
hydracids and salts. 
2KBr- Cl, = 2KCI4- Bry ; IKI CI, = 2KCl 41, 
Bromine is more reactive than iodine, Hence, it displaces lodine 
from its hydracid and salt, 
2KI 4- Br, =2KBr+ lo 

Reaction with hydrogen. All these elements react with hydrogen 

to-form their hydracids. 
Hy +X, 92HX ( X8 F, Cl, Br and 1) 

The:rate of the reaction decreases from fluorine to iodine, Fluorine 
explosively reacts with hydrogen even at the low temperature to 
form hydrogen fluoride, Chlorine docs not react with in 
the dark but the reaction takes place in the presence 
with the formation of h. chloride, Bromine reacts 
hydrogen only when forming h bromide, 
feacts with hydrogen in the presence of heated catalyst forming 
hydrogen iodide. Na 

Reaction with non-metals. Fluorine directly combines 
'non-mctals except oxygen and nitrogen, Chlorine combines directly 
With all non-metals except oxygen, nitrogen and carbon. 
Oxygen, nitrogen, carbon and silicon, bromine combines directly 
with all other non-metals, Todine combines only with phosphorus, 
arsenic and other halogen elements, 

Reaction with metals, Fluorine reacts with all metals, Almost 
all metals are attacked by chlorine, Majority of the metals react 
with bromine, lodine reacts with most of the metals, 


Reaction with water. At ordinary fluorine violently 
reacts with water forming hydrogen EM, ozonied 
Chlorine and bromine reacts with water in the presence of 


Jodine does not react with water, 


i 


n , With cold and dilute alkali solution, chlorine 
fodere tad hyposildin, nad bromine forms bromide and 
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hypobromite. With hot and concentrated alkali solution chlorine 
forms chloride and chlorate and bromine forms bromide and 
bromate. 


2F,--2NaOH =2NaF+H,O+F,0 
X; -F2NaOH — NaX - Na0X--H4,0 
3X_ --6NaOH & 5NaX--NaXO, 4- 3H,O 

( X=Cl, Br and I) 
Reaction with reducing agents. All these elements react with 
reducing agents, The oxidising power is in the order F»CI»Br»I. 
Chlorine, bromine and iodine oxidises hydrogen sulphide to sulphur. 

H,S+X,=2HX+S X=Cl, Br and I 


Reaction with oxidising agents, Fluorine, chlorine and bromine 
do not react with most oxidising agents, Hydrogen peroxide, ozone 
and nitric acid oxidise iodine to iodic acid. 


31, +10HNO, — 6HIO, +10NO+2H,0 


Bleaching property. Fluorine destroys organic matters, Chlorine 
has strong bleaching property but bromine has weak bleaching 
action. Iodine has no bleaching property. 


Formation of oxides and oxyacids. All these elements form 
oxides, Fluorine forms two oxides, viz, F,0 and F,0,. Chlorine 
forms four oxides, viz., Cl,0, CIO,, Cl,O, and Ci,0,. Bromine 
forms the oxides, viz., Br,O, BrO,, (Br,O, ), etc. Iodine has 
two oxides, viz., 1,0, and 1,0,. 

, Four oxy-acids of chlorine are known, `viz., HOCI (hypochlorous. 
acid), HClO, ( chlorous acid ), HCIO, ( chloric acid ) and HCIO, 
(perchloric acid ). Two oxyacids of bromine are known, viz, 
HOBr ( hypobromous acid ), HBrO, ( bromic acid ) Iodine forms 
HIO ( hypoiodous acid ), HIO; ( iodic acid) and HIO, ( periodic 


acid ) The halogen elements Show different valencies in their 
oxides and oxy-acids, 


Comparative study of hydracids of halogens. The hydrogen 
halides show resemblances in their physical and chemical properties. 


These properties change regularly from hydrofluoric acid to hydrio- 
dic acid. 


(i) Except hydrogen fluoride all other hydrogen halides are 
colourless gaseous substance which fume in moist air. At ordinary 
temperature and Pressure HF is a liquid, 


All these compounds are covalent. Liquid hydrogen fluoride is 
associated through hydrogen bond formation. For this reason, its 
melting point and boiling point is higher than those of other 
hydrogen halides. The melting point and boiling point increase 
gradually from HCI to HI. 
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(ii) All these compounds are extremely soluble in water. 
Their solubilities in water increase gradually from HF to HI. They 
jonise in aqueous solution into hydrogen ion and halide ion. 


AX = Ht+X- (X=F, Cl, Br and I) 
(iii) Hydrogen fluoride is not thermally decomposed. Hydrogen 


chloride decomposes at 1500°C, hydrogen bromide at 800°C and 
hydrogen iodide at 180°C into their constituent elements. e 


üv) Hydrogen fluoride does not react with oxidising agents. 
Oxidising agents oxidise hydrogen chloride into chlorine, hydrogen 
bromide into bromine and hydrogen iodide into iodine. 


(v) HF and HCI do not react with conc. H,SO,, but HBr and 
HI are oxidised by conc. H58O, into bromine and iodine 
respectively. 

HSO, + 2HBr = SO, + 2H,0 + Bra 

H,SO, + 2HI = SO, + 2H;,0 + I, 
Hence, the reducing power of these compounds increase gradually 
from HF to HI. j 


EXERCISES 


_ 1. How does fluorine occur and how is it isolated? Why is it 
impossible to liberate fluorine from aqueous solution of a fluoride ? 


2. How was fluorine isolated ? Give reasons for the procedure adopted. 
Compare the properties of fluorine with those of chlorine. [C. U., '54] 

3. Describe the preparation of fluorine from fluorspar describing 
carefully the apparatus used. Discuss the chemical properties of fluorine. 
State the uses of fluorine. 

4. How is anhydrous hydrofluoric acid prepared ? Distinguish between 
hydrogen fluoride and hydrofluoric acid. Discuss the action of hydro- 
fluoric acid on glass. What do you mean by etching of glass ? 

5. ‘Hydrofiuoric acid is a weak acid, yet it etches glass". Explain the 
statement. . L " 

Discuss the chemical properties of hydrofiuoric acid. 

6. What halogen does not form oxy-acids ? Explain why it does not 
form oxy-acids similar to other halogens. Does this halogen form any 
compound with oxygen ? 

7. Describe the preparation of chlorine free from hydrogen chloride. 
What is the action of chlorine on (a) caustic soda (b) ammonium hydroxide 
(c) sulphurous acid (d) lime water and (e) water in which CaCO; is held 
in suspension ? 

8. Howis a material bleached with chlorine ? Discuss the uses of 
chlorine. 

9. Givean account of the laboratory preparation of (a) hydrogen 
chloride and (b) solution of hydrogen chloride in water. 

10. Give an account of the extraction of bromine from sea-water. 
How and under what conditions does bromine react with (a) hydrogen 
(b) sulphur dioxide and (c) phosphorus ? 


248 A TEXT-BOOK OF HIGHER SECONDARY CHEMISTRY 


11. Discuss the reaction of halogens with water. 

12, Describe the laboratory preparation of hydrobromic acid and 
hydriodic acid. Why cannot concentrated sulphuric acid be used in pre- 
paring HBr and HI from their salts ? 

13. In the reactions: Clj;+2KI=2KCI+I, 

T, -2HCIO, —2HIO, 4- Cl, 
explain why chlorine displaces iodine from KI and iodine displaces 
éhlorine from HCIO, ? 

14. Whatare the chief sources of iodine? Describe in details the 
extraction of iodine from these sources. Discuss the uses of iodine. Why 
does iodine sublime so quickly ? 

15. Write the names of the following compounds CaCl,; Ca(ClO),, 
Ca(CIO,);, Ca(CIO;),  Ca(CIO;),. Calculate the oxidation number of 
chlorine in each compound. 

16. You are given a source of chlorine and a solution of potassium 
hydroxide. How would you prepare crystals of. potassium chlorate ? 


17. You are given a mixture of KF, KCI, KBr and KI. What oxidising 
agent, would you use in order to liberate iodine from KI without the 
liberation of any other halogen? After the liberation of iodine, what 
oxidising agents would you use to liberate only bromine and then only 
chlorine? Can you oxidise the fluoride ? Explain your answer. 


18. Discuss the differences between fluorine and chlorine. Explain 
what happens when chlorine gas is slowly passed through a solution 
containing potassium bromide and potassium iodide, 

19. What happens when : 

(i) Iodine is heated with conc. nitric acid. 
(ii) Iodine is treated with mercury. 
(iii Fluorine is passed into carbon tetrachloride, 
'(iv) Chlorine is passed into hot caustic soda solution. 
(v) A mixture of sodium iodate and sodium iodide is acidified 
with hydrochloric acid, 
(vi) Calcium fluoride is heated with conc. H¥SO; in a glass vessel. 
(vii) Potassium bromide is heated with conc. H4,SO;. 
(viii) A solution of potassium iodide is shaken with chlorine-water 
and carbon disulphide, 
(ix) Free iodine is treated with aqueous solution of KI. 
(x) Sodium silicate is treated with hydrofluoric acid. 
(xi) Fluorine is passed through sodium iodide solution. 
(xii) Iodine is treated with sodium thiosulphate solution. 
(xiii) Todine is treated with chlorine-water. 
(xv) Bromine is added to moist red phosphorus. 


20. Write the names of the following compounds : 

: (a) HCIO (b) KCIO- (c) KCIO, (d) Ca (BrO); (e) HCIO; 
(f) Ca (IO,), (g) Ba (CIO;)? (h) HCIO; (i) NaBrO, (J) Mg (CIO; ;. 

Calculate the oxidation number of halogens in each compound. 

21. Explain the following statements : 


(a) Iodine replaces chlorine from chloric acid (HCIO,) and forms 
iodic acid (HIO,). 
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(b) The reducing power of hydrogen iodide, hydrogen bromide and 
hydrogen chloride is in the order, 


HI > HBr > HCl 
(c) Hydrogen iodide cannot be prepared by the reaction of KI and 
conc. H,SO, but hydrogen chloride can be prepared by the 
reaction of NaCl and conc. H,SO,. 
(d) Chlorine liberates iodine from HI. 


(e) In the preparation of HI from KI orthophosphoric acid can be 
used but conc. H,SO, cannot be used. 


(f) HF can associate but HCI cannot. 


22. How would you prove that 
(a) hydrogen chloride contains chlorine 
(b) potassium chlorate contains chlorine and oxygen. 


23. A mixture of MnO,, conc. H,SO, and a compound (B) is heated 
when a greenish yellow gas is evolved. The gas liberates iodine from 
potassium iodide so'ution and reacts with hot NaOH- solution to form 
the compound (B) and another compound (C). The compound (C) when 
heated liberates oxygen. Identify the compounds (B) and (C). 

Ans. B—NaCl, C>NaClO, 


CHAPTER XI 


INDUSTRIAL PREPARATION OF SOME 
CHEMICALS 


(1) Industrial preparation of hydrogen. The major considera- 
tion in any industrial process is the cost of raw material. Because 
water is so abundant most of the industrial methods for the prepa- 
ration of hydrogen are based on the decomposition of water. The 
principal methods for the manufacture of hydrogen are described 
below : 


(a) Steam-iron method (Lane’s process), The reaction between 
steam and red-hot iron is used for the manufacture of hydrogen. 
Steam is passed over spongy iron ( obtained from the reduction of 
spathic iron ore) which is heated in vertical iron retorts to 
650-800'C. Steam is decomposed by red-hot iron 3 hydrogen is 
evolved and ferroso-ferric oxide is obtained. 

3Fe-+-4H,0=Fe,0,+4H, 
When the reaction stops and the evolution of hydrogen ceases the 
ferroso-ferric oxide Fe;O, is reduced back to iron by passing water 
gas over it. 

Fe,0,+4H, —3Fe--4H,O. 

Fe,0,+4CO —3Fe-4-4CO,. 

This iron can be used again for the decomposition of steam. 
Thus by the alternate use of steam and water gas, a small quantity 
of iron can be used almost indefinitely. 


4 (b). Bosch process or conversion method, The method consists 
In passing steam oyer a layer of coke, coal or lignite which is 
heated to a white heat (1000? to 1100"C). 
C+H,0=CO+H, 
The product which is a mixture of equal volume of carbon 
monoxide and hydrogen is called water gas. 

. To separate hydrogen from carbon monoxide, water gas is mixed 
with steam and the mixture is passed over a suitable catalyst such 
as iron oxide with aluminium oxide as promotor at 400° to 500°C. 
The carbon monoxide reacts with steam forming hydrogen and 
carbon dioxide. This reaction, called the conversion of carbon 
monoxide, can be represented by the equation : 

(H,)--CO + H,O = CO, + H, + (H5) 
a 


(water gas) (steam) 
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The carbon dioxide formed is then separated from hydrogen by 
washing the gas mixture with water under a pressure of 20 atmos- 
pheres. Under this condition only carbon dioxide is soluble in 
water and hydrogen remains undissolved. Hydrogen obtained is 
nearly pure. The chief impurities are traces of carbon monoxide 
and carbon dioxide which can be removed by washing the gas with 
‘ammonical solution of cuprous formate. Large quantities of 
hydrogen are manufactured in this way. 

Carbon monoxide can also be removed from the mixture by 
cooling it to around —200°C at which temperature carbon monoxide 
only liquefies while hydrogen remains in the gaseous state, 


(c) Hydrocarbon-steam method, Natural gas consists mainly 
of methane (about 90 per cent); the rest being chiefly related 
hydrocarbons such as ethane C,H, propane C,H,. It is mixed 
with steam and the mixture is passed over a mixture of finely 
divided nickel and cobalt which act as catalyst, at 870°C. The 
product is a mixture of carbon monoxide and hydrogen. 


CH,+H,0=CO+3H, 


The mixture of carbon monoxide and hydrogen is passed over 
heated ferric oxide together with steam; the ferric oxide acting 
as a catalyst. Carbon monoxide in the mixture is converted into 
carbon dioxide. 

CO-4-H,O 2CO, +H, 

Carbon dioxide is then removed by being dissolved, under 
pressure, in water. This method of manufacturing hydrogen has. 
been used more and more extensively in the past few years and is 
rapidly increasing in importance. 


(d) Electro chemical method. If there is a source of cheap 
electric power at hand, this process of producing hydrogen is 
commercially feasible. The advantage of this process is the high 
purity of the product. 

This process is carried @ut on a large scale using iron tanks 
containing 20% solution of sodium hydroxide in water. The elec- 
trodes consist of iron sheets, The anodes which are nickel plated 
to resist anodic oxidation and the cathodes are arranged in pairs. 
The electrodes are separated from each other by porous asbestos 
partition which prevent the mixing of the gases. The end plates 
are connected to the source of electricity when electric current 
passes through the solution. The hydrogen and oxygen liberated 
at alternate sides of the plates pass through suitable passage into 
collecting pipes. P 


(2) Industrial preparation of ammonia, Ammonia is prepared: 
on the industrial scale as a by-product of coal distillation, by the: 
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batches into low-pressure collector (E). From the collector it goes 
to the storage. The unchanged nitrogen and hydrogen are drawn 
out of the separator (D) by the circulation pump (F). They are 


Fig. 11.2 


then mixed with a mew portion of nítrogen-hydrogen mixture 
discharged by the compressor (A) and pass back into the synthesis 
column (B) and thus the process continues. 


Preparation of nitrogen-hydrogen mixture in the ratio of 1:3 by 
volume, Nitrogen-hydrogen mixture used in the Haber’s process 
is prepared from water gas (CO --H,) and producer gas (CO+N,). 
When air and steam is passed over heated carbon producer gas and 
water gas are respectively formed. . 

2C--(Ns 4-0,) 22CO - N, 

C+H,0=CO+H, 
Producer gas, water gas and steam are next mixed in such a 
proportion that nitrogen and hydrogen in the final mixture remain 
in the ratio of 1:3 by volume after the removal of carbon monoxide. 
The mixture is passed over the mixture of ferric oxide and chromic 
“oxide ( catalyst ) heated to 450°C when carbon monoxide is oxidised 
to carbon dioxide. 

CO4- H,02CO,4- Hs 


The resulting gas mixture is next passed into water under a pressure 
of about 25 atmospheres. Underthis condition, only carbon dioxide 
is dissolved in water and nitrogen-hydrogen mixture remain 
undissolved. Nitrogen-hydrogen mixture thus obtained contain 
traces of carbon monoxide and carbon dioxide which are removed 
by washing the mixture with ammoniacal solution of cuprous 
formate, The mixture is dried before use in the Haber's process. 


At present most industrial ammonia is prepared by Haber's 
process. The principal advantage of this method is that it is 
comparatively cheap: yo : 
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(3) Industrial preparation of nitric acid. Three methods are 
available for the manufacture of nitric acid, viz., 


(a) by distillation of sodium nitrate ( Chile saltpetre ) and 
concentrated sulphuric acid. 

(b) catalytic oxidation of ammonia—Ostwald process. 

(c) from air— Birkeland and Eyde process. 

(a) By distillation of sodium nitrate and concentrated sulphuric 
acid. Sodium nitrate ( Chile saltpetre ) is obtained in enormous 
quantities from the nitre beds of Chile and Peru. On alarge scale 
nitric acid is manufactured by distilling Chile saltpetre and conc. 
sulphuric acid. 

2H,80, -- 3NaNO, =NaHSO, +Na,SO,+3HNO, 
This method is still used to some extent. One or two tons of Chile 
saltpetre and more than thjs weight of concentrated sulphuric acid 
are taken into a large 
cast-iron retort ( Fig. 
11.3). The retort is 
then heated in the fur- 
nace. The vapours of 
nitric acid which are 
evolved pass through the 
outlet of the retort into 
silica pipes cooled by Aca 
water and condense Cone. HNO, 
yielding conc. HNO,. Fig. 11.3 
The gases and vapours 
of nitric acid which are not condensed into pipes pass into a 
tower packed with stoneware balls down which a stream of water 
trickles. The vapour, and the nitrogen dioxide produced by the 
decomposition of nitric acid are absorbed by water yielding dilute 
nitric acid. 4NO,+0,-+-2H,0=4HNO, 

The residue left in the retort is run out in the fluid state from 
an outlet at the bottom. It is a mixture of sodium hydrogen 
sulphate and sodium sulphate. When solid, the mixture is known 
as nitre cake. 

Nitre cake is used in the manufacture of sodium sulphate and 
hydrochloric acid. 

(b) Catalytic oxidation of ammonia, Ostwald process. The 
Ostwald process has largely replaced the older one. At present, it 
is the chief industrial method for preparing nitric acid, 

In this method, a mixture of ammonia and excess of air is passed 
rapidly over platinum gauze catalyst heated to 800°C when nitric 
oxide is formed. 

4NH, +50, =6H,0+4NO-+ 216 kcal 


g 
9 
r 
F 


Dil HNO, 
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The reaction is highly exothermic and hence once the reaction 
is started, the heat evolved in the reaction is sufficient to maintain 
the temperature. The nitric oxide formed reacts, after cooling, with 
the excess oxygen present in air to form nitrogen dioxide. 

2NO+0,=2NO, 

Nitrogen dioxide is then dissolyed in water to form nitric acid. 

3NO, -H,0-2HNO;--NO 
Nitric oxide liberated is re-oxidised to nitrogen dioxide by air. 
More than 90% of ammonia is converted into nitric oxide. At 
present, an alloy of platinum and rhodium containing 5—10% 
rhodium is more often used and the yield of nitric oxide is then 
96 to 98 per cent. 

Fig. 11.4 is a diagram of ammonia oxidation plant. Air freed 
from dust particles by filtration through woollen cloth is blown 
by means of the fan (A) into the heat exchanger (B) where it is 


Fig. 11.4 


heated by the hot gases discharged from the catalyst furnace (E). 
From the heat exchanger it enters into the mixer (C). Dry and pure 
is blown by the fan (D) into the same mixer. 
From the mixer (C), ammonia-air mixture containing 10-11 per 
cent ammonia enters into the Catalyst furnace (E) which contains 


are carefully controlled ; otherwise ammonia is oxidised to nitrogen 
and efficiency of the process is lowered, 
4NH;+30,=2N,+6H,O 

The gases are heated electrically by the resistance wire just above 
the catalyst in order to start the reaction. Once the reaction has 
started, the heater is turned off since the heat evolved in the 
reaction maintains the necessary temperature. In the catalyst 
furnace (E), ammonia is oxidised into nitric oxide. The mixture 


t 
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of the hot gases passes from the catalyst furnace to the heat 
exchanger (B) where it heats the incoming air and is itself cooled 
to 500—550'C. The gases leaving the heat exchanger pass 
consecutively into cooler (F) and tower (G) where oxidation of nitric 
oxide to nitrogen dioxide takes place. The mixture of nitrogen 
dioxide and other gases then pass into absorption towers made up 
of stainless steel, packed with broken quartz down which a stream 
of water trickles.: Nitrogen dioxide is absorbed in water to form 
nitric acid. Acid collected at the bottom of the tower contains 
about 50 to 55 per cent HNO;. 


The acid may be concentrated to 98% by distillation with conc. 
sulphuric acid. 989; nitric acid can also be prepared by the 
reaction between water or the dilute acid, liquid NoO, and oxygen 
under a pressure of 50 atms. This method called the *direct 
synthesis" is carried out at 70°C. 


At present most of the vast quantities of nitric acid are 
manufactured by the oxidation of ammonia, Most of the ammonia 
for the purpose is prepared from its elements by Haber's process. 


(c) From air.  Birkeland-Eyde process, This method is 
based on the direct union of nitrogen and oxygen forming. nitric 
oxide. 

Na +O, = 2NO—43:2 kcal 

Since this reaction is highly endothermic, it is more complete 
at very high temperatures. Consequently, the mixture of nitrogen 
and oxygen is heated to very high temperatures (about 3000°C) to 
cause the combination and the product is cooled very rapidly below 
1200°C to keep the nitric oxide formed from decomposing back into 
nitrogen and oxygen. 

The usual means of obtaining such high temperatures is by «the 
use of electric arc which produces a temperature of about 
4000'C. If the flame of the electric arc 
is brougbt between the two poles of a 
strong electromagnet, it becomes disc- 
shaped ( fig. 11.5) and the surface of it 
is greatly increased. Whena stream of 
air is passed rapidly through the are, it 
becomes very hot at the moment it Fig. 115 
comes in contact with. the flame, after s. 
which its temperature drops instantly below 1200'C. When -the 
product is cooled further, nitric oxide combines with oxygen to 
form nitrogen dioxide. Nitrogen dioxide is dissolved in water to 
form nitric acid. 


x 


2NO+0, =2NO, 
3NO, --H,0 - 2HNO, --NO 
I. Ch.—17 
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Fig. 11.6 is a diagram of the arc process. Air freed from 
mechanical impurities by filtration is blown by means of the 
blower (1) through a flat 
circular furnace (2). 
Inside the furnace an 
alternating current elec- 
tric arc burning between 
water-cooled copper 
poles is spread by means 
of an intense magnetic 
field into a disc of 

Fig. 11.6 “flame.” In the flame, 
3 part of air combines into 
nitric oxide. The gases which leave the furnace at about 1000°C 
containing about 1% nitric oxide now pass into the cooler 
(3) and boiler (4). Inthe boiler the gases are cooled to 150°C 
with the production of steam. The gases are finally cooled to 
50°C by passage through large aluminium pipes exposed to air. 
The gases then enter into the oxidising tower (5) where NO is 
oxidised to NO,. NO, is absorbed by water in the absorption 
tower (6) forming nitric acid. 


Oxidising tower 
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The manufacture of nitric acid by this process requires a great 
amount of electric power. In 1902, the method was extensively 
carried out in Norway which possesses vast resources of cheap 
electric power. At present the method is obsolete. 


(4) Industrial preparation of sulphuric acid, Sulphuric acid is 
manufactured by two methods, viz, (a) Chamber process and 
(b) Contact process. In both the processes, sulphur dioxide is 
oxidised by atmospheric oxygen in presence of a suitable catalyst 
to sulphur trioxide, Sulphur trioxide is then dissolved in water to 
form sulphuric acid : 


280,-++0, =2S0, 
SO,+H,0=H,S0, 


(a) Chamber Process, This process is now obsolete, As the 
Process is not included in the syllabus, it is not discussed here. i 


NER. 
(b) The contact process, In this process, sulphur dioxide is 


catalytically oxidised to sulphur trioxide by atmospheric oxygen ; 
Sulphur trioxide is then dissolved in EUM form Sulphatio acd. 
However, if SO, is passed directly into pure water, so much heat 
is produced that it leads to the formation of fog consisting of 
droplets of H,SO, solution. This technical difficulty is avoided 
by absorbing sulphur trioxide into 96 to 98% sulphuric acid in 
which it dissolves smoothly. The solution of SO, in sulphuric 
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acid is ;then diluted by adding water at such a rate that the 
final solution is maintained at a concentration of 97 to 99%. 
These reactions can be represented by the following series of 
equations : 

280, 4-052280, ( catalytic oxidation of SO;) 

SO, 4-H,SO, =H,.S,0, (solution of SO, in sulphuric acid) 

H,S,0, +H,O=24H,SO, ( dilution with water ) 
The fundamental reaction of contact process is the combination of 
sulphur dioxide with oxygen : 

2S0, +0,=2S0, +45 kcal 

This is ansexothermic reversible reaction. Hence, at low tempera- 
tures the reaction proceeds nearly to completion and a satisfactory 
yield of sulphur trioxide can be obtained. But at low temperatures, 
the rate of the reaction is very slow and at high temperatures 
where the rate is satisfactory, the yield is low because of the 
reverse reaction leading to the decomposition of sulphur trioxide. 
For this reason, an optimum temperature of 450'C is maintained in 
the contact apparatus ; below this temperature the gases combine 
too slowly and above this temperature the back reaction is accele- 
rated. 


At the optimum temperature, certain catalysts such as platinum 
and vanadium pentoxide speed up the reaction without altering the 
equilibrium, The catalyst formerly used was finely divided platinum 
but it was very expensive and easily poisoned by impurities such 
as arsenious oxide, sulphuric acid fog and dust present in the gases 
from pyrite burners, The catalyst now used is vanadium pentoxide 
V,O,, which is almost as active as platinum but is cheaper and is 
not so easily poisoned, These catalysts are of the heterogeneous or 
contact type, hence the name of the process, 

The increase of oxygen concentration in the mixture increases 
the yield of sulphur trioxide by shifting the equilibrium of the 
reaction to the right. If K is the equilibrium constant of the 
reaction, then 

[ so, } 
=. 
[ s0, P [0] 


If the concentration of oxygen is increased, the concentration 
-of sulphur trioxide will increase as K is constant at a constant tem- 
perature. In other words, the yield of SO, will increase, In 
practice, by passing sulphur dioxide with an excess of oxygen over 
the catalyst at 450°C, about 97 per cent of sulphur dioxide is 
converted into sulphur trioxide. 


The sulphur dioxide for this process is obtained either by 
burning sulphur or by roasting metal sulphides, chiefly pyrites, 


K 
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Fe$,, in a current of air in special burners, The gases from the 
burners (1) containing a mitxture of sulphur dioxide and air are 
passed through cooler (2) where they are cooled and washed with a 
fine spray of water. The gases leaving the cooler are next passed 
through an electrostatic separator (3) to remove dust, fog and 
suspended particles. They are then passed to wash tower (4) where 
they are showered with lime water to remove last traces of chlorine. 
The gases from the wash tower are passed up the scrubbers or 
drying towers (5) packed with coke down which concentrated 
sulphuric acid is flowing. Here they are washed with sulphuric 
acid and dried. Finally, the gases are freed from acid mist by 


Fig. 11.7 


passing through the coke box (6). The purified and dried gas must 
be free from fog and perfectly clear and no suspended particles and 
fog must be seen when a powerful beam of light is passed through 
it in the chamber (6) ( “optically clear" gas ). The purified gases. 
then pass through a special preheater (7) where it is heated by the 
gases ( sulphur trioxide and nitrogen ) discharged from the contact 
apparatus and then enters the contact apparatus (8) containing 
the catalyst. The contact apparatus is a large cylinder with 
four grate-like shelves which are covered with the catalysts, 
The gases enter the apparatus at the top and pass through layers. 
of the catalysts when sulphur dioxide is oxidised to sulphur trioxide, 
The temperature in the apparatus is kept at about 450°C, Since 
the reaction is exothermic, it continues without the application of 
external heat after once it has been started, 

The gases leaving the contact apparatus consist principally of 
sulphur trioxide and nitrogen. They are then passed into the 
absorption tower (9) where sulphur trioxide is absorbed into 96 to 
98 per cent sulphuric acid. Water cannot be used in the absorber 
because an acid mist is formed by the direct contact with the 
sulphur trioxide which is almost impossible to absorb. The solution 
in the absorption tower is maintained at a concentration of 96 to 
98% by a regulated influx of water. 

. , If water is not added, then sulphur trioxide dissolves in sulphuric 
acid forming highly concentrated acid known commereially as 
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fuming sulphuric acid or oleum which may contain as much as 70% 
of dissolved sulphur trioxide. Very pure sulphuric acid of any 
desired concentration can be prepared by diluting oleum with water. 


Fuming sulphuric acid or Oleum. When sulphur trioxide is 
passed into 98% sulphuric acid, a highly concentrated sulphuric 
acid known as fuming sulphuric acid or oleum is formed. 
Sulphuric acid of different concentrations are prepared by diluting 
oleum with water. 


Fuels 


Fuels are those materials which undergo combustion with oxygen 
of the air to liberate heat which can be employed for heating, for 
preparing food and for many industrial processes, Coal, coke, wood, 
charcoal, etc., are solid fuels ; petroleum, kerosene, etc., are liquid 
fuels and producer gas, water gas, coal gas, etc., are gaseous fuels. 


Destructive distillation. When some solid substances are heated 
toa high temperature in absence of air, they undergo chemical 
decomposition into volatile and non-votatile compounds. Volatile 
compounds are then separated from non-volatile compounds by 
the method of distillation. The non-volatile compounds are left in 
the distilling chamber. Destructive distillation is a proces; in 
which a substance is chemically decomposed into volatile and non- 
volatile compounds by heating itin a closed vessel in absence of 
air and volatile products are then separated from the non-volatile 
products by distillation. Destructive distillation of coal is known 
as carbonization of coal. In destructive distillation, the substance 
undergoes chemical change and the volatile substance given off 
distils, but in ordinary distillation, the substance does not undergo 
any change. 


(5) Coke-oven or Coal gas, Coal gas is a mixture of various 
combustible gases produced by the destructive distillation of coal 
(ic, distillation out of contact with air). Its composition 
depends on the raw meterials but on the average it may be expressed 
by the following figures. 


Hydrogen ips 55% 
Methane a 30% 
Carbon monoxide we 4% 
Other hydrocarbons ove 33, 
(ethylene, acetylene and benzene.) 

Incombustible impurities dee 895 


(CO;, No, Oo) 
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Besides coal gas, other products which are obtained during the 
destructive distillation of coal are : tar (containing benzene, toluene, 
naphthalene, phenol and related organic compounds) ; ammoniacal 
liquor, coke and gas carbon. 


Manufacture of coal gas. - Bituminous coal is heated in fire-clay 
horizontal retorts out of contact with air; the heating is done by 
the combustion of producer gas generated in. producers built 
immediately beneath the retorts. During heating, the complex 
organic compounds in the coal are decomposed into coke, coal gas 
and volatile prcducts. The coal gas and volatile products pass from 
the retorts by way of vertical ascension pipes into horizontal 
hydraulic main where tar and water are condensed. The excess of 
tar flows into a tar-pit. The hot gases and vapours next passe 


Hydraulic main 


Fig. 11.8 


through a series of pipes called condensers where the gases are 
cooled to atmospheric temperature and more tar is condensed. The 
liquids collected in the tar-pit separate into two layers—the lower 
is coal tar and upper is gas liquor which contains an aqueous 
solution of ammonia and ammonium compounds. The cooled gas 
then passes from the condensers to the scrubber which is an iron 
tower filled with coke down which a spray of water trickles, The 
spray of water removes from the gas all traces of NH 3, and some 
HCN, H.S and CO,. The gas passes from the scrubbers to the 
purifiers which are iron boxes fitted with horizontal shelves and 
(i) containing slaked lime in which mainly CO, and also H,$, 
CS,, HCN, etc., are absorbed and (ii) hydrated ferric oxide which 
removes completely HS and HCN from the gas, 


2Fe(OH); --3H,S =Fe,S,+6H,O 
Fe 0; +6HCN —2Fe(CN); -3H50 
The oxide of iron is revived from time to time by exposure to air. 
2Fe,8, +30, =2Fe,0,+6S 
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The oxide can be used until it contains about 50% of sulphur. 
From the purifiers, the gas passes to the gas holders where it is 
stored over water and piped to the consumer. 


It is very difficult to remove carbon disulphide from the coal 
gas completely. It is sometimes conyerted into hydrogen sulphide, 
angi ae by passing the gas over finely divided nickel 
a A 


CS, +2H, =2H,S+C 
The hydrogen sulphide is then removed as above. 


Coal gas is a colourless gas having peculiar smell. If the 
poisonous impurities such as HCN, H,S, etc, are not removed 
completely from coal gas, then it will be poisonous. It burns in 
air with a smoky flame producing carbon dioxide and water. It is 
very slightly soluble in water. Coal gas is used for illuminating 
purposes and as a fuel. 


By-products of coal gas manufacture, During the manufacture 
of coal gas, numerous valuable by-products are produced. Among 
these are coal tar, ammoniacal liquor, coke, gas carbon and spent 


oxide of iron. 


(i) Coal tar. The tar isa complex mixture containing many 
valuable organic compounds. It owes its black colour to suspended 
particles of carbon. When tar is subjected to fractional distillation, 
benzene, toluene, naphthalene, phenol, creosote oil, anthracene oil 
or green oil, etc., are obtained. These compounds are the starting 
material for the manufacture of numerous dyes, drugs, perfumes 
and explosives. The residue left after distillation is pitch. Pitch 


is used for road making. 
(ii) Ammoniacal liquor. The ammoniacal liquor is boiled with 


excess of lime and ammonia evolved is passed into sulphuric acid 
to form ammonium sulphate. Ammonium sulphate is used as a 


fertiliser. 

(iii) Coke. It is left in the retort after the destructive ` distilla- 
tion of coal. It is used as a valuable fuel and in metallurgical and 
other industrial operations. 

(iv) Gas carbon. It is obtained as a hard dense deposit of 
almost pure carbon which collects on the inside of the retort. 
It is a good conductor of electricity and is used in making 
electrodes. 

(v) Spent oxide of iron, It is used for the manufacture of 
ferrocyanide and for the recovery of sulphur. 
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That (B) is sodium nitrite is confirmed by the fact that it gives 
a colourless gas (nitrogen) on being heated with ammonium 
chloride, Similarly, the formation of a colourless gas (:nitrous * 
oxide ) confirms that (A) is sodium nitrate. The reactions are : 


NaNO, -++NH,Cl=NaCl+N, +2H,0 
(B) (C) 


NaNO, +NH,Cl=NaCl+N,0+2H,O 

Hence, A is sodium nitrate (NaNO,) 

B is sodium nitrite (NaNO,) 
C is sodium chloride (NaCl) 

Example 3. A compound A on heating with excess of caustic 
soda solution liberates a gas B which gives white fumes on 
exposure to HCl, Heating is continued to expel the gas completely. 
The resultant alkaline solution again liberates the same gas B when 
heated with zinc powder. However, the compound A, when heated 
alone, does not give nitrogen. Identify A and B. [ LLT., '73 ] 

Solution, (i) Since the compound A on being heated with 
excess of NaOH, gives the gas B which forms white fumes with 
HCl, the gas B must be NH, and the compound A must be an 
ammonium salt. 

(ii) The resultant alkaline solution when heated with zinc 
powder gives NH,. Hence, the solution contain either sodium 
nitrite (NaNO,) or sodium nitrate (NaNO. ). 

(iii) The compound A docs not give nitrogen on heating. 
Therefore, the compound A must be ammonium nitrate (NH4NO,). 
Thus : A is ammonium nitrate (NH,NO;) 

B is ammonia (NH) 

Example 4. A soft white metal (A) (atomic number 11) is 
dropped into water when a compound (B) ( soluble in water) and 
a gas (C) are formed. When the gas (CJ is passed over heated 
Copper oxide, metallic copper and water are formed. When the 
aqueous solution of the compound (B) is added to zinc sulphate 
solution compound (D) is precipitated. The compound (D) dissolves 
in excess of the aqueous solution of (B). Identify the compounds 
A, B, C and D giving the chemical reactions involved in each step. 

Solution : The metal (A) is soft and its atomic number is 11. 
It reacts with water to form the gas (C) and the compound (B). The 
gas (C) reduces copper oxide to metallic copper and water is formed. 
Hence, the gas (C) must be hydrogen since water contains only two 
elements, viz , oxygen and hydrogen. Hence, the metal (A) must be 
sodium and the compound (B) is sodium hydroxide. 

2Na+2H,0 =2NaOH+H, 
(A) (B (C) 
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The compound B ( sodium hydroxide ) reacts with zinc sulphate 
to form a precipitate (D). The precipitate (D) dissolves in excess of 
sodium hydroxide. Hence, the precipitate (D) must be zinc 
hydroxide. 

ZnSO, -2NaOH = Zn(OH) + Na.SO, 
ppt 


(D) 
Zn(OH)s - 2NaOH = Naa ZnO, +2H,O 
sodium 


zincate 
Hence, A is sodium (Na) 
B is sodium hydroxide (NaOH) 
C is hydrogen (Ha) 
D is zinc hydroxide, Zn(OH); 


Example 5. When a mixture of a potassium salt (A) and & 
black solid (B) is heated, a white solid (C). is formed and a gas (D) 
is evolved. After the reaction (B) remains unchanged both in mass 
and in chemical composition. When (A) is alone heated, it 
decomposes into (C) and(D)but very slowly, When aqueous solution 
of silver nitrate is added to the aqueous solution of the salt (C), a 
white precipitate of (E) is obtained. (E) is completely soluble in 
ammonium hydroxide. The gas (D) forms a brown coloured gas (F) 
with nitric oxide and is soluble in alkaline pyrogallate solution. 
Identity A, B, C, D, E and F giving reactions involved in cach 
step. What is the function of B ? 


Solution, The gas (D) forms a brown coloured gas with nitric 
oxide and is soluble in alkaline pyrogallate solution. So It is oxygen 
and the brown coloured gas is nitrogen dioxide. 

2NO+0,=2NO, 
(D) (F) 

The gas (D) is formed when the mixture of (A) and (B) is heated. 
(B) remains unchanged both in mass and in chemical composition. 
So it acts as a catalyst. Since (B) is black, it is manganese dioxide. 

Again, the white solid (C) which is formed by the decomposition 
of (A) gives with silver nitrate a white precipitate (E) which is 
soluble in ammonium hydroxide. Hence, the white solid (C) must 
be potassium chloride. (A) when heated alone slowly decomposes 
into (C) and (D). Hence (A) must be potassium chlorate, The white 
precipitate is silver chloride. 

2KCIO, --[MnO, e 2KCI--30, (Mn; ) 
(A) (B) (OQ (D) 


KCI-- AgNO, = AgCI--KNO, 
ppt 
(E) 
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Hence, A is potassium chlorate (KCIO,) 
B is manganese dioxide (Mn0;) 
C is potassium chloride (KCI) 
D is oxygen (0,) 
E is silver chloride (AgCI) 
F is nitrogen dioxide (NO,) 


Example 6. The hardness of a sample of water is 10", What 
is the amount of CaCO, present in that sample of water? Express 
l' hardness in terms of CaCO, per 10° parts of water by weight 
and in terms of milligram equivalent of Ca** ions or Mg** ions 
per litre, 


Solution. 1 ppm 1 mg of CaCO, in 1 litre of water. 
100 ppm = 100 mg of CaCO, in 1 litre of water. 
S10 77 2100 mg of CaCO, in 1 litre of water. 
Now, 1°=10 mg of CaCO, in 1 litre of water. 
Again, 100 mg of CaCO, contain 40 mg of Ca** ions. 
i Now, 40 mg of Ca** ions=2 mg-equiv of Ca** ions or Mg** 
ons, 
<. 10mg of CaCO, = oP =02 mg-equiv of Ca** ions 
or Mg** ions. 
Bes 1* hardness 0:2 mg-equiv of Ca** ions or Mg** ions per 
itre, 
1° hardness s 1 gram of CaCO, in 105 grams of water. 


Example 7. Calculate in grams per litre the amount of hydrogen 
peroxide which is of “10 volume" strength. What is the normality 
of the solution ? 


Solution: 1 volume of hydrogen peroxide is of 32 per 
‘cent strength. à 
. 10 volume of hydrogen peroxide is of 19 


3:294 
strength. 


per cent 


100 c.c of the solution contain 325 grams of hydrogen 


peroxide. 


1000 c.c ofthe solution contain es 294 7 304 grams of 


hydrogen peroxide. 
Amount of hydrogen peroxide per litrez 30:4 grams. 
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Now, the equivalent weight of hydrogen peroxide is 17. Hence, 
t he normality of the solutione 204 = 1:79. 


Example 8. Prove that under the same conditions of 
temperature and pressure equal volumes of all gases contain the 
same number of moles or molecules. 


Solution; From the equation of state, we have PV=n RT 
where P is the pressure of the gas, V is the volume of the gas and 
T is the temperature in the absolute scale and n is the number of 
moles. 


7. ne. - | 


Now, if P, V and T are the same for the gases, then n will bc 
the same since R is a constant. In other words, equal volumes of 
all gases under the same conditions of temperature and pressure will 
contain the same number of moles or molecules, 
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CHEMISTRY—First Paper 
Group—A 


1, (a) How will you completely Separate the individual cons- 
tituents of a mixture consisting of common salt, ammoniun chlo- 
ride and sand ? 


(b) Calculate the weight of one magnesium atom. (Mg =24) 


Or, (a) 24 gms. of a solid element require 44°8 litres of 
oxygen at N.T.P. for its complete conversion into a gaseous oxide. 
The gaseous oxide occupies a volume of 44-8 litres at N.T.P. What 
is the weight in gms. of the gaseous oxide produced and what 
is its vapour density ? 


(b) Calculate the number of molecules of water present in 1:8 
c.c. of water at 4°C. 3225 


2. (a) State Gay-Lussac's Law of gaseous volume. 


(b) Show the nature of graph that would be obtained when 
the volume of a given mass of a gas at constant pressure is plotted 
against the temperature on the centigrade scale. Indicate the point 
on this graph which corresponds to the zero of the absolute scale 
of temperature. 


(c) PV=RT. State why this equation is called the molar 
gasequation. Write the individual values at the standard condition 
of P,V and T of the gas equation PV=RT in the C.G.S. units and 
hence calculate the value of the Molar Gas Constant in the C.G.S. 
unit. (d) 1120 gms. of pure iron are completely converted into 
ferric chloride dissolved in water. How many litres of H,S gas 
at N.T.P. will be required to convert this entire amount of 
ferric chloride into ferrous chloride ? Fe=56, C1=35'5 

3. (a) State the Law of Multiple Proportions for chemical 
combination. Give one example to illustrate it. 

(b) Two oxides of a metal M Were separately heated to constant 
weight ina current of hydrogen. Water formed was collected 
and weighed separately in two cases. The following results were 
obtained :— - 

(i) 0.795 gm. of first oxide yielded 0°18 gm. of water, 
(ii) 2:86 gm. of second oxide yielded 0°36 gm. of water. Show that 
these results are in agreement with the Law of Multiple Proportions. 

4+6=10 


(nn) 

4. (a) Define Standard solution and Normal solution. 

(b) An aqueous solution is prepared by dissolving 40 gms. of 
NaOH in 1000 c.c. water. State with reasons whether this solu- 
tion can be called a normal solution or not. 

(c) 5:35 gm. of an impure sample of NH,Cl is strongly heated 
with excess concentrated solution of caustic soda until all ammonia 
isgiven off. The resultant ammonia is completely absorbed in 
120 c.c. N HSO, solution which further required 60 c.c. of 0'5N 
NaOH solution for complete neutralisation., Calculate percentage of 
pure NH,Cl in the sample N—14, CI —35'5, 

5. (a) What information is obtained from the following equa- 
tion: Zn+H,SO,=ZnSO,+H, 

(b) Write down the limitations of chemical equation, 

(c) Avsmonobasic acid containing Nitrogen, Hydrogen and 
Oxygen only gave the following percentage composition by weight : 
N—22:2295, H—1:599. Calculate the molecular formula of the 
acid. (N=14) 

6. (a) Find out the oxidation numbers of carbon in Methane 
and Carbon dioxide. 

(b) Balance the following chemical equation by oxidation 
number method: C-+-H,SO,--CO,+S0,+H,O 

(c). Why is a chemical equilibrium called a dynamic equili- 
brium ? 

(d) The: chloride ofa metal M contains 30%, by weight of 
chlorine and is isomorphous with Potassium chloride (KCI). 
Calculate the atomic weight of M. (Atomic weight of Chlorine 
= 35:5) 

Group— B 
( Answer Q. No. 7 and any-Three from the rest. ) 

7. (a) Name one drying agent and cite one example of jts 
application. 

(b) Name two bleaching agents and explain how they function. 

(c) How is hardness of water expressed ? 

(d) What is Aqua regia 9 1424014125 

8. (a) Describe how Sulphur dioxide gas is prepared in the 
laboratory. 

(b) Describe what happens when H,S gas is passed separately 


through (i) a suspension of Iodine in water, and (ii) an acidified 
solution of Potassium dichromate solution. 


Give equations in both cases. 6+2x2=10 


(äi) 


9, In the Haber’s process of manufacture of Ammonia the 
following reaction is used :— 

No +3H,=2NH, +24000 Cal. ( Heat ) 

(a) What pressure and temperature are maintained in the 
Haber’s process for manufacture of Ammonia? What catalyst 
and promoter are used ? 

(b) Explain the justification of using the above mentioned 
pressure and temperature. 

(c) State the sources of Nitrogen and Hydrogen. 

(d) State what happens with balanced equations when ammonia 

- gas is passed separately through (i) CuSO, solution, and (ii) FeCl, 
solution, 

10. A soft white mental A ( Atomic no. 11 ) when added to 
water produces a compound B soluble in water and a gas C. 
The gas C when passed over heated cupric oxide produces copper 
and water, The aqueous solution of B when added to an aqueous 
solution of Zinc sulphate produces a compound D which is precipi- 
tated. D becomes completely soluble when excess solution of B 
is added to it. (i) Identify A, B, C, and D ( give the names only ). 


(i) Describe the chemical reactions that occur in the above 
mentioned four stages and gives equations in all cases, 

11, Explain why :— 

(i) Silent electric discharge is passed in the preparation of 

e from Oxygen. (ii) Most of the metals do not liberate 
hydrogen on reaction with Nitric acid. (iii) SO, gas is not absorb- 
ed in water but instead adsorbed in 98% HSO, acid during the 
manufacture of H,SO, acid. 


(iv) Phenolphtbalein is not used as an indicator in the titration 
of an aqueous solution of NaCO, by an aqueous solution of HCl. 


(v) Inthe laboratory method of preparation of PH, the air 
inside the flask ( in which PH, is prepared ) is replaced by coal 
gas. 2x5210 


12. State with equations what happens when ( any five ) 


(a) Iron powder is added to an aqueous solution of Ferric 
chloride solution containing hydrochloric acid. (b) Sulphur 
powder is heated with excess of concentrated solution of 
Caustic Soda. (c) Ozone gas is passed through Stanous chloride 
solution containing hydrochloric acid. (d) Conc. H,SO, acid 
is allowed to fall drop by dorp over red hot pumice stone. 
(c). Hydrogen sulphide gag is passed through concentrated Sulphu- 
ric acid.. (f) Manganese dioxide powder is heated strongly with 
concentrated Hydrochloric acid, 


— 
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Group—A 
( Answer Question No. 1 and any three from the rest. ) 


l. (a) A compound containing two nitrogen atoms in. its 
molecule has 30:439 of nitrogen. Calculate the molecular weight 
of the compound. (N=14) 

(b) How many atoms will be present in 0°05 mole of crore ? 

Or, (a) A gaseous hydrocarbon requires six times its own 
volume of oxygen gas for complete oxidation and produces four 
times its own volume of carbon dioxide gas. What is its formula ? 

(b) Vapour density of a compound of empirical formula CH,O 
is 90. What is the molecular formula of the compound ? 4+1=5 

(C=12, H=1, O=16) 

2. Ammonia contains 82'35% nitrogen, water contains 11-11% 
hydrogen and nitrogen peroxide contains 69:57? oxygen. Show 
thatthe above results can be explained with the help of a law of 
chemical combination. State this law. Explain the law with the 
help of Dalton's Atomic theory. 5424-3210 

3. (a) State Le Chatelier's Principle. 

Describe the effects of changes of pressure and temperature on 
the position of equilibrium of the following gaseous reaction ;— 
H 4-1,z:2HI —13 kcal. 

(b) Volume of a given mass of a gas at fixed pressure changes 
from 1 litre to 1:3 litre due to a change of temperature from 0°C 
to 82°C. Determine the value of absolute zero (in centigrade 
scale ) on the basis of above results. 64-4210 

4. (a) State Dulong and Petit’s law. How is this law applied 
to find out the atomic weight of an element? What are the 
limitations of the method ? i 

(b) 1:08 gm. ofa metal produces 1:435 gm. of chloride, 
Specific heat of the metal is 0'059. What is its actual atomic 
weight? (Cle3555) 

5. (a) Calcium carbonate is precipitated when Sodium carbo- 
nate solution is added to Calcium chloride solution, Similar 
precipitation of Ferric carbonate does not occur when Sodium 
carbonate solution is added to Ferric chloride solution. Why is it 
so? (b) What is an indicator? Which indicators would you 
use for the following neutralisation reactions :— 


(i) Hydrochloric acid by Sodium carbonate. 
(i) Oxalic acid by Sodium hydroxide. 


(xv) 


(c) In what proportion by volume should a 0*5 N acid solution 
be mixed with a 0:3 N alkali solution to get a 0:05 N alkali solu- 
tion ? 34+3+4=10 

6. (a) What is oxidation number ? How will you differentiate 
it from valency ? 

(b) Balance the following equation by oxidation number 
method :—H,S+SO,—S+H,0. 

(c) Zinc replaces silver from silver nitrate solution but silver 
cannot replace zinc from zinc nitrate Solution. Explain why. 

3+3+2=10 


Group—B 
( Answer Question No. 7 and any three from the rest. ) 


7. (a) Give one reaction to show that Hydrogen can act as an 
oxidising agent. (b) Why cannot pure zinc be used for the 
preparation of hydrogen from dilute sulphuric acid ? (c) What ie 
nascent hydrogen ? 

Or, (a) Why is concentrated Sulphuric acid not used for the 
preparation of Hydrogen peroxide from Barium peroxide ? (b) Why 
is concentrated Hydrochloric acid not used for the preparation of 
nitric acid from potassium nitrate 7 (c) What is laughing gas ? 

24+2+41=5 

8. (a) Describe the preparation of dry Sulphur dioxide gas in 
the laboratory. 

(b) State ( with chemical equations ) the reaction of chlorine 
gas with the following reagents :— 

(i) Hot and conc. Caustic soda Solution and 

(ii) Aqueous solution of Sulphur dioxide 64+2+2=10 

9. What is a chemical fertiliser’ Describe briefly the 
technical methods for the preparation of (a) a fertiliser containing 

. nitrogen (b) a fertiliser containing calcium. 24-4x 2210 

10. A sodium Salt (A) on heating gives a solid substance 
(B) and oxygen gas. B gives brown fumes (C) on being heated 
with dilute acid. When B is heated with Ammonium chloride, a 
colourless gas (D) and a solid residue (E) is obtained. A, on being 
heated with Ammonium chloride gives another colourless gas 
(F) and the solid residue (E). Identify A, B, C, D, E and F and 
write down the chemical reactions with equations. 34-7210 

^ Và State with chemical equations, what happens when ( any 
ve 

(a) Water is added drop by drop into a mixture of red phos- 
Phorus and iodine. (b) Hydrogen sulphide gas is passed into 


CEINE) 


a solution containing cupric chloride and zinc chloride acidified 
with dilute hydrochloric acid. (c) Hydrogen peroxide is added to a 
solution of potassium dichromate acidifed with dilute sulphuric acid. 
(d) Sulphur is boiled with concentrated nitric acid. (e) Powdered 
charocoal is heated with concentrated nitric acid. (f) Ammonia 
solution is added gradually to a solution of silver nitrate. (g) sodium 
nitrite solution is heated with aluminium powder and caustic Eo 
2x5= 


12. Explain why ( any five ) :— 

(a) Coal gas may be poisonous. (b) While diluting sulphuric 
acid is added slowly to water. (c) Sulphur dioxide has no 
bleaching action in absence of moisture. (d) Nitrogen obtained - 
from air is slightly heavier than nitrogen obtained from ammonium 
nitrite. (e) Carbon dioxide is a gas, while silicon dioxide is a solid, 
(f) Diamond is very hard while graphite is soft. (g) Hydrogen 
iodide cannot be dried by concentrated sulphuric acid. | 2x5«10 
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Group—A_ ( Answer any four questions ) 


1. The percentages of oxygen in two oxides of a metal are 
22:22 and 30 respectively. Show that the above result follows a 
law of chemical combination. State the concerned law. If the 
formula of the second oxide be MO, find that of the first. 

64 -24-2—10 

2. (a) State Avogadro’s hypothesis and - establish the relation- 
ship between molecular weight and vapour density of a gas with its 
help. 

(b) 1:2 gm of a gas occupies 1000 mililitre at 27°C and 700 mm. 
pressure of mercury. The gas is an element and its molecules are 
diatomic.. What is the weight of one atom of this gas p 

2+4+4=10 

3. (a) What do you understand by the equivalent weight of an 
element ? Prove that the atomic weight of an element is equal to or 
simple multiple of its equivalent weight. 


(b) 20:55 ml. of dry hydrogen gas at a standard temperature 
and pressure are produced by the action of 0:06 gm of a metal with 
dilute sulphuric acid. The solution obtained as a result of this 
reaction gives ofi evaporation and subsequent cooling a crystalline 
substance which is isomorphous with FeSO,, 7H,O. Determine 
the equivalent weight and exact atomic weight of the metal. 

5+5=10 


Ci) 


(d) Air is a mechanical mixture but.not a chemical compound. 
Silicon dioxide is an acidic oxide. 

(e) Phosphine has basic properties. 2x5=10 

12. (a) How ` Sulphuric acid is manufactured by contact 
process p 

(b) Describe with equations how Urea is manufactured from 
Ammonia, 

(c) State what happens when Orhophosphoric acid is heatel 
slowly to a high temperature, Give equations, 5+3+2=0p 
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4.(a) State Dalton's Law of partial pressure. 

(b). A compound contains 10:049; carbon, 0'84% Hydrogen and 
89:12% Chlorine. Determine the: empirical formula of the 
compound. 

(c) 1 gm of pure CaCO, is dissolved completely in 40 ml. of 
a hydrochloric acid solution. The resultant solution requires 
40 ml of 0*5 N. NaOH solution for complete neutralisation. Find 
out the strength of Hydrochloric acid solution. 

(d) Which indicator would you use during the neutralisation of 
Acetic by sodium hydroxide v 24+34+4+1=10 

5. (a) Find the value of molar gas constant R in litre 
atmosphere after stating the units P, V and T. 

(b) Explain with reasons why an aqueous solution of NH,CI 
‘reacts acidic. 

(c) Show reasons why magnesium can liberate Hydrogen from 
an aqueous solution of Hydrochloric acid while copper cannot 
liberate Hydrogen. 

(d) 10 ml of a gascous Hydrocarbon were exploded with 
25 ml. of Oxygen and cooled. The gas mixture occupied a volume 
of 15 ml. On treatment with KOH there was a further contraction 
of 10 ml. Find the molecular formula of the Hydrocarbon. 

2424244210 

6. (a) Express the equilibrium constant of the reaction : 

N,(g)-- 3H, (g)£2NH 3 (g) 
in the forms Kp and Kc and find out rhe relation between 
these two constants, 


(b) Determine the oxidation number of Mn in K,MnO,. 
(c) Balance by oxidation number method : 
FeCl, +H,S= FeCl, +S+ HCl. 


(d) "Concentration of Sodium Chloride Solution is expressed in 
formality but not in molarity."—Give reasons, 3+2+3+2= 10 


Group—B ( Answer any four questions ) 


7. Mixture of a white solid A and a black solid B gives on 
heating a white solid C and a gas D while B remains unchanged. 
If A alone is heated C and D are obtained but it required higher 
temperature and the reaction proceeds slowly. When aqueous 
‘solution of Silver Nitrate is added to an aqueous solution of C, a 
white precipitate of E is obtained. E is completely soluble in excess 
of ammonia solution. The gas D when mixed with Nitric Oxide 
gas forms another red coloured gas F. ° 


' (i) Identify A, B, C, D, E and F. Write down the names only. 
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(ii) For each chemical reaction give equations only, 
(ii) What is the function of B while producing C and D 


from A ? 
(iv) Name another substance which’ will perform the same 
function as B, 34541-41010 


8. (a) Describe the method of preparation of Chlorine gas in 
the laboratory, 


(b) With the help of a chemical reaction show that Iodine acts 
as an oxidising agent, 


(c). How can a small quantity of chlorine mixed with oxygen 
gas be removed ? 64-24-2210 
9. Explain the following statements with reasons :— 


(a) Carbon dioxide gas cannot extinguish fire caused by burning 
magnesium metal. 


(b) If one touches white phosphorus, one's hands are to be 
washed with copper sulphate solution. 


(c) Sulphur dioxide have both oxidising and reducing 
properties, 


(d) Hydrogen bromide cannot be prepared by the action of 
concentrated sulphuric acid on sodium bromide. 


(c) Ozone gas is prepared by silent electric discharge through 
oxygen. 2x5m 10 
10. State what happens when with equations ( any five ) :— 


(a) Potassium Nitrite solution is added to Potassium iodide 
Solution acidified with dilute sulphuric acid. 


(b) Phosphine gas is passed into acidified copper sulphate 
solution, 


(c) Sodium Formate is heated with concentrated sulphuric acid. 


(d) Concentrateu Sulphuric acid is added to a mixture of 
solutions of Ferrous Sulphate and Potassium Nitrate, 


(c) Aqueous solution of hydrogen peroxide is added to alkaline 
Potassium ferricyanide solution, 

(f) Ozone gas is passed through stannous chloride solution 
containing hydrochloric acid. 2x5210 


il. How will you show that ( any five ) :— 
(a) Nascent Hydrogen is more powerful reducing agent than. 
Hydrogen. 


(b) Sulphur dioxide contains sulphur. 
(c) Nitric acid contains hydrogen. 


